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IF YOU'VE 
EVER 
USED 
A 

REPEATER, 



SENTRY 




If you haven’t 
already received 
a copy of our NEW 
1970 Catalog of Precision 
Quartz Crystals & Electronics 
for the Communications Industry, 

SEND FOR YOUR COPY TODAY! 


Somewhere along the line, in vir¬ 
tually every ham repeater in the 
world, you’ll find a couple of Sentry 
crystals. 

Repeater owners and FM "old- 
timers" don't take chances with 
frequency—they can't afford to. A 
lot of repeater users depend on a 
receiver to be on frequency, rock 
stable...in the dead of winter or the 
middle of July. The repeater crowd 
took a tip from the commercial 
"pros" a long time ago—and went 
the Sentry Route. 

That's one of the reasons you can 
depend on your local repeater to be 
there (precisely there) when you're 
ready to use it. FM'ers use the 
repeater output as a frequency stan¬ 
dard. And for accuracy, crystals by 
Sentry are THE standard. 

IF YOU WANT THE BEST, 
SPECIFY SENTRY CRYSTALS. 


'Ask the Hams and Pros 
^ Who Build Repeaters '" 


YOU'VE USED A 
SENTRY CRYSTAL 


SENTRY MANUFACTURING COMPANY 

Crystal Park, Chickasha, Oklahoma 73018 

- PHONE: (405) 224-6780 - 

TWX-910-830-6425 




• Direct Frequency Dialing 

• Programmable Coverage 

COMMUNICATIONS RECEIVER 

• All Solid State 

• FET Circuitry 


DRAKE 


MODEL SPR-4 


The SPR-4 is a general purpose receiver which 
may be programmed to suit any interest: SWL, 
Amateur, Laboratory, Broadcast, Marine Radio, 
etc. Frequency Coverage: 150-500 KHz plus any 
(23) 500 KHz ranges between .500 and 30 MHz. 


FEATURES: • Linear dial with 1 KHz readout • 4-pole 
crystal filter in first IF • 4-pole LC filter in second 
IF • Three bandwidths: 0.4 KHz, 2.4 KHz, and 4.8 KHz 
for: CW, SSB, AM • AVC time constants opimized 
for each mode • Superior cross-modulation and 
overload performance • Power: 120 VAC, 220 VAC, 
and 12 VDC • Crystals supplied for LW, standard 
broadcast and seven shortwave broadcast bands • 
Built-in speaker • Notch Filter. 


Precision tuning dial... 
tune station frequency directly 
... no searching. 


ACCESSORIES: 100 Khz calibrator, noise blanker, 
transceive adapter (T-4XB), DC power cord, loop 
antenna, crystals for other ranges. 


Programmable frequency 
coverage ... change crystal 
and label on dial. 


R. L. DRAKE COMPANY 

540 Richard St., Miamisburg, Ohio 45342 


For more information write 
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LSI, or large-scale integration, is a term 
that is becoming more and more com¬ 
monplace. An outgrowth of the transis¬ 
tor, and more lately, integrated circuits, 
LSI promises to benefit ail of us by 
providing low-cost complex electronic 
systems for home and industry. 

As production yields of less sophis¬ 
ticated devices such as linear integrated 
circuits have increased, so have the semi¬ 
conductor manufacturer's efforts to put 
more and more electronic components on 
the same chip. Improved semiconductor 
technology, advanced manufacturing 
techniques, and new processes have re¬ 
sulted in LSI devices that defy imagina¬ 
tion. The LSI chip shown in the photo, 
for example, contains 1,191 p-channel 
enhancement-mode mosfet transistors. 
This device, the Motorola MC1141, is a 
triple 66-bit shift register that is designed 
to operate over the frequency range from 
10 kHz to 1 MHz, and is packaged in a 
long-lead version of the TO-100 metal can. 

Much more complex circuits are in the 
works, and some devices are already on 
the market. In the new Boeing 747 jets. 


Motorola MCI 14 1 triple 66-bit shift regis¬ 
ter contains 1,191 mosfets on a single 
chip. 



LSI has made it possible for passengers to 
have armrest control of their own lights, 
music and movie soundtracks. A small 
box containing an LSI chip is located on 
every third seat—this chip multiplexes the 
codes for the seat controls. Without LSI, 
35 individual wires would have to be run 
to each seat. 

LSI is also being used in advanced 
computers and home calculators. Consid¬ 
er the computer built for NASA by RCA 
that is completely contained on a semi¬ 
conductor chip one-seventh of an inch 
square, and performs all the arithmetical 
functions of a medium-sized computer. 
Or, how about the miniature calculator 
built by Canon (Japan), soon to be 
marketed in the United States, that adds, 
subtracts, multiplies and divides 12-digit 
numbers to four decimal places? The 
Canon calculator, which will be priced 
below S200 and weighs less than 2 
pounds, contains three LSI chips, each an 
eighth of an inch square and containing 
4,000 transistors. 

Within a few years LSI may make 
possible such products as inexpensive 
home computers, trouble-free electronic 
controls for stoves and dishwashers, tele¬ 
vision sets no thicker than a picture 
frame, and telephones with built-in mem¬ 
ories. With these products will come 
complex electronic instruments and 
equipment for the amateur that is now 
too complex or expensive to be practical. 

If thinking miniature appeals to you, 
consider the prospect of 12 billion elec 
tronic circuits in a three-pount package- 
that's the approximate complexity and 
density of the human brain. With LSI, 
such an accomplishment may be a reality 
within the next decade or two. 

Jim Fisk, W1DTY 
editor 
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It’s rough keeping up with 
planar triode requirements. 



Month after month, standards get stiffer. But even 
next year and beyond, our miniaturized planar triodes 
will still meet them. They provide greater power, 
higher frequency and more reliability than "standard” 
designs. Ceramic/metal construction stands up 
to high voltage, high frequency, high current operation. 

Large contact areas mean improved electrical 
and mechanical connections. Frequency stable anodes 
are standard. And extended interface arc-resistant 
cathodes let you handle more power 
Solderable terminals? We feature them. Pulse 
operation? Certainly. Switches? By all means. 
But you're not limited by what we have on 
hand. ElMAC's Application Engineering Department 
is ready to help you design planars into your 
equipment, or to propose new planar 
designs to glove-fit your requirements. So you 
can spend less engineering time and dollars. 
A lew examples that show how our 
computer aided design helps you get fast response: 
The 7815AL carries an extended warranty, 
backed by demanding life tests. It's designed 
to meet the stringent reliability require¬ 
ments of airborne transponder and DME 
(Distance Measuring Equipment) service. 

The new Y-503 planar for uhf pulse 
service was custom designed to meet an 
application program of high urgency. 
The 8847 was created for DME and 
CAS (Collision Avoidance System) broad¬ 
band amplifiers covering 125 MHz near 
1.1 GHz. It delivers up to 4 kW peak power, 
with a gain of better than 8 decibels. 
Our new Y-518 planar provides 
35 kW pulse output at 1 GHz. 
More information? Write for our planar 
triode brochure or contact: Product 
Manager, EIMAC Division of Varian, 
301 Industrial Way. San Carlos, 
Calif. 94070, or 1678 Pioneer Rd., 
Salt Lake City, Utah 84104 
Or ask Information 
Operator for Varian 
Electron Tube and 
Device Group. 
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So we moved ahead of them. 



interdigital 

preamplifier 

and 

combine 


bandpass filter 


for vhf and uhf 

High-performance 
filter/preamplification 
for vhf receivers 
that features 
low cross modulation, 
low noise 
and excellent 
unwanted-signal 
rejection 
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With the proliferation of vhf radio and 
television signals in virtually all metropol¬ 
itan areas, weak-signal vhf reception that 
requires large antennas and extensive rf 
amplification has posed ever mounting 
problems to the receiver designer. Unfor¬ 
tunately, the requirements for weak- 
signal work are 180 degrees out of phase 
with an overload-proof receiving system. 

You simply cannot erect a 16-dB 
antenna system for 50.1 MHz, follow it 
with a 20-dB preamplifier and install the 
whole works within five miles of a 100 
kW channel-2 television transmitter—that 
is if you want the system to operate as if 
the 55.25 MHz signal was not on the air. 

During the past five years or so, 
operation on 144 MHz has become equal¬ 
ly challenging. In addition to the multiple 
transmitters located in the various public 
safety and business radio bands above 
150 MHz, and the aircraft beacons and 
air-to-ground links in the 120 to 135 MHz 
range, we have high powered amateur 
repeaters within the band and MARS 
repeaters just outside. Also, activity on 
the 220-MHz band has always suffered in 
areas where channel 13 is in use, and 
channel 13 is allocated in practically all 
major metropolitan areas. 
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It all boils down to this: receiver 
desensitization-voltage overload of the 
receiver-is a serious problem that is 
slowly getting worse. As the occupancy 
of frequency allocations adjacent to our 
vhf amateur bands slowly builds up, the 
performance of our own communication 
systems becomes progressively more inad¬ 
equate. Equally bothersome are the 
images and spurious beat products pro¬ 
duced when two or more out-of-band 
carriers mix within our converters and 
generate new carrier products that fall 



FREQUENCY (MHz) 

fig. 1. Insertion loss of a 3-element 
combline filter centered on 52 MHz. The 
3-dB bandwidth of this filter is 2.2 MHz. 


within the amateur band we want to 
work. 

These problems may be a constant 
annoyance (such as the beat product of a 
channel-3 video carrier at 61.25 MHz and 
a channel-12 video carrier at 205.25 MHz 
that produces buzz and hash on 144.00 
MHz) or they may be intermittent. Car¬ 
riers may add or subtract to produce the 
undesirable in-band product, or two mix¬ 
ing carriers may produce a spurious signal 
outside the band that mixes with a third 
carrier to produce an in-band birdie. The 
mathematical possibilities are endless and 
defy computation. 

However, all these problem signals 
have one thing in common: they are 
created at some point in the receiver. The 


only way to cure the problem is to keep 
one or more of the mixing carriers out of 
the receiver stage where the mixing is 
taking place. It's common practice in 
many vhf converters to install a series- 
resonant circuit to trap undesired signals 
that cause spurious mixing products. 
However, this approach is not too effec¬ 
tive, especially in strong-signal areas. 

The complete solution is simple 
enough: make sure that the first stage of 
the vhf receiving system sees only that 
portion of the rf spectrum assigned to 
radio amateurs! However, solution is one 
thing, implementation another. Until 
W2CQH presented an amateur adaptation 
of interdigital and combline bandpass 
filters in OST 1 - 2 the usual amateur 
practice (and commercial as well) was to 
laboriously build a re-entrant cavity. The 
bandpass filter, when placed in front of 
the receiver, presents the receiver with an 
rf window a few MHz wide and severely 
attenuates all rf carriers that fall outside 
the window. The combline filters des¬ 
cribed by W2CQH offer simple construc¬ 
tion, relatively narrow bandpass windows, 
steep bandpass skirts and extremely sim¬ 
ple tuneup. 


Interdigital preamplifier for SO to 100 MHz. 
Input is to the right, output on the left. 
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Combline filters use strip lines for the 
L portion of the traditional LC network, 
loaded with variable capacitors to reso¬ 
nate the device to the desired center 
frequency. The 3-dB bandwidths of a 
three-element device are from 3 to 8 
percent of the design center frequency. 
The bandpass window of a typical 3-ele¬ 
ment combline filter at 50 MHz is shown 
in fig. 1. Insertion loss of these filters is 
quite low; all the 3-element filters that 
I've built have had 1.0 dB or less insertion 
loss at the center of the passband. 

the preamplifier 

The small-signal rf transistor has come 
of age as the radio spectrum has grown 
more and more crowded. The overload 
and cross-modulation problems associated 
with early transistors began to look less 



L2 1.2" long no. 16 copper wire 

L3 2.0” long no. 16 copper, loosely 
coupled to L2 p/a” spacing) 

fig. 2. 450-MHz common-gate 2N5397 test 
circuit designed by Siliconix. In this configura¬ 
tion gain is 12 dB, noise figure, 4 dB. 


ferocious when the junction field-effect 
transistor was introduced. Early fets 
promised improved performance under 
taxing receiving situations that cause con¬ 
ventional transistors to quit, but early fet 
noise figures and gain made them less 
than useful above 100 MHz or so. 

The 2N5397 jfet introduced by Sili¬ 


conix* in 1968 was a major breakthrough 
for the receiver designer working above 
250 MHz. While the 2N4416 created a 
boom in high-performance converters for 
the 144 and 220 bands (and occasionally 
432 where it was derated), the 2N5397 
offered super-simple circuitry. The 
2N5397 grounded-gate circuit recom¬ 
mended by Siliconix for vhf applications, 
described in ham radio by K6HCP 3 , 
results in as simple a preamplifier circuit 
as we could hope for. 


fig. 3. Capacitively- 
loaded stripline in A 
is the same as the 
parallel LC circuit in 
8 . 





STRIPUNC (XXL. CAPACITOR 


o © 


In describing the design parameters of 
the 2N5397, J. B. Compton notes 4 that 
. . this device has a typical operating 
transconductance more than double (the 
2N4416) . . and this permits construction 
of common-source common-gate per¬ 
formance amplifiers that take advantage 
of the fet characteristics and give per¬ 
formance comparable to bipolar ampli¬ 
fiers over the frequency range from dc to 
800 MHz." 

The neutralization requirement of the 
common-source amplifier is eliminated 
with the common-gate arrangement. By 
eliminating neutralization you can design 
a tunable wide-range amplifier with am¬ 
plification/bandpass characteristics limi¬ 
ted only by the resonant characteristics 
of the input and output tuned circuits. 

The common-gate approach is especial¬ 
ly suitable because: 

1. The input impedance is always 
lower than a common-source design, 

'Siliconix, Inc., 1140 E. West Evelyn Avenue, 
Sunnyvale, California. The 2N5397 is available 
from W. Pat Fralia Company, Inc., P. O. Box 
12625, Fort Worth, Texas 76116; $8.50 each. 
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although the output impedance is the 
same. 

2. With no mismatch at the input a 
vhf noise figure of 2.0 dB or better is 
possible with the common-gate 
2N5397. (Both K6HCP and I have 
found no difficulty in obtaining 
1.5-dB noise figures at 144 MHz, and 
on 220 MHz I have never had a noise 
figure greater than 2.0 dB, nor greater 
than 1.0 dB at 50 MHz.) 


without some loss in performance when 
compared to the common-source circuit. 
In 450-MHz test circuits developed by 
Siliconix for the 2N5397, a typical com¬ 
mon-source amplifier produced 15-dB 
gain with a noise figure of 3.0 dB. A 
common-gate circuit developed a power 
gain of 12 dB with a noise figure of 4.0 
dB. Slight retuning of the common-gate's 
input circuit lowers the noise figure to 
3.3 dB and lowers the gain to 9 or 10 dB 
(fig. 2). 



I nterdigital*fil ter/p ream pi if icr for 120 to 240 MHz. The only differences between this unit and the 
SO-to-100 MHz design are the physical size and variable capacitors. 


3. The amount of amplifier-contrib¬ 
uted cross-modulation and intermodu¬ 
lation distortion is proportional to the 
amplitude of the gate-source voltage. 
Since input power is proportional to 
input voltage and inversely proportion¬ 
al to input impedance, best amplifier 
performance is obtained with the low¬ 
er impedance design of the common- 
gate circuit. A common-gate design 
offers approximately 10 dB more resis¬ 
tance to rf stage overload and cross 
modulation than a common-source ar¬ 
rangement. 

However, the common-gate design is not 


filter/preamp combination 

When a 3-section combline filter is 
cascaded with an identical filter, the 3-dB 
bandwidth points are essentially cut in 
half.* In other words, a 3-section 

•The information presented here covers rela¬ 
tively narrow bandpass devices suitable for 
amateur applications. They are not suitable for 
television signal processing where 6-MHz band- 
widths and 0.25-dB or less ripple is required. 
Both the units shown here and wider bandpass 
units suitable for television signal processing are 
the subject of patent applications filed by the 
author in March, 1970. Amateur construction 
of the units shown here for personal use will 
not violate the validity claims of the pending 
patent, editor. 
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5- MHz-wide combline filter at 50 MHz 
becomes a 2.5-MHz-wide filter at the 
output of the sixth section (two 3-section 
filters in cascade). A 5-MHz-wide filter at 
144 MHz also becomes a 2,5-MHz band¬ 
pass in a two-unit system, while atypical 

6- MHz bandpass on 220 is reduced to 3 
MHz. 

The factors that determine the width 
of the bandpass window are beyond the 
scope of this article. Suffice to say that 
the 3-dB bandpass can be changed within 
certain limits, both plus and minus, from 


lowest resonant frequency of a given 
filter is 100 MHz with the loading capaci¬ 
tor fully meshed, the highest resonant 
frequency is approximately 200 MHz. By 
combining the flat characteristics of the 
combline filter with the flat performance 
characteristics of the 2N5397 common- 
gate amplifier you can build an ampli¬ 
fier/filter that exhibits essentially the 
same characteristics over a very wide 
band of frequencies. 

Fig. 4 shows how a pair of 3-section 
combline filters are combined with a 


fig. 4. equivalent circuit of 
the interdigital filter/ 
preamplifier. 



approximately 10 MHz at 50 MHz to less 
than 500 kHz at 220 MHz. The infor¬ 
mation in this article should be suitable 
for most amateur applications. 

the filter 

A single capacitively-loaded stripline 
represents a resonant circuit. Electrically, 
the loaded stripline shown in fig. 3A is 
identical to the LC circuit in fig. 3B. The 
efficiency of the loaded stripline is more 
dependent on the L/C ratio than the 
standard LC network where L consists of 
a coil. However, in the stripline system 
the Q can be made to track (with nearly 
constant Q factor) over a much wider 
range than the LC network. 

Although W2CQH didn't mention it in 
his article 2 a typical 3-section combline 
filter is a one-octave device. That is, if the 


single common-gate amplifier. In this 
circuit the third strip in the first 3-section 
filter becomes the tuned input circuit for 
the 2N5397, while the first strip in the 
second section becomes the output tuned 
circuit. 

In the standard combline filter all 
strips are grounded at the cold end and 
tuned with the loading capacitors con¬ 
nected from the hot end to ground. In 
the filter/preamplifier, strips three and 
four are lifted above ground at the cold 
end. Strip three—the 2N5397 input cir¬ 
cuit—is re-coupled back to ground 
through R1, a low value resistor chosen 
to provide the proper current drain for 
the fet. Strip number four is isolated 
from ground with a bypass capacitor (C9) 
and voltage fed through an isolating 
resistor. This circuit is nearly electrically 
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equivalent to K6HCP's 144-MHz preampli¬ 
fier shown in fig. 5 

By combining the common-gate 
2N5397 with the combline bandpass fil¬ 
ter we have a low-noise moderate gain 
preamplifier with an input bandpass of 
500 kHz or more. 

operational characteristics 

The devices shown here were originally 
developed in an effort to solve an ex¬ 
tremely difficult adjacent-channel tv in¬ 
terference problem at a catv antenna- 


u 2N5397 LZ 



LI S turns no. 16, 3/8” diameter, 3/4" 

long, tapped at IV; turns from cold 
end 

L2 4 3 /4 turns no. 16, 3/8" diameter, 1/2” 

long 

L3 2 turns no. ZO insulated around cold 

end of L2 

fig. 5. Two-meter common-gate 2N5397 pre¬ 
amplifier described by KGHCP. 

receiving site. As a consultant in the catv 
field I had been called upon to make a 
30- to 50-microvolt vhf tv signal appear 
free of noise and hash with broadcast 
quality color—not too tough until you 
consider the 100,000 microvolt adjacent- 
channel signal that came from a station 
less than five miles away! 

Anyone who has fooled with fringe- 
area television is all too familiar with the 
broadness of tv frontends. The typical 
receiver has no more than 20-dB adja¬ 
cent-channel rejection; the relationship 
between 50 microvolts and 100,000 mi¬ 
crovolts is on the order of 66 dB. The 
problem was solved with an interdigital 
preamplifier similar to the ones shown 
here. 

The common-gate 2N5397 preampli¬ 
fier used in the filters operates just as 


table 1. Operational characteristics of 6-strip 
interdigital-preamplifiers suitable for 50, 144 
and 220 MHz. 



3-dB 

20-dB 


noise 

frequency 

bandwidth 

bandwidth 

gain 

figure 

(MHz) 

(MHz) 

(MHz) 

(dB) 

(dB) 

50 

0.5 

±4 

10 

<1.0 

144 

1.0 

±5 

12 

1 .5 

220 

1.5 

±6 

12 

2.0 


expected Stability is excellent. The unit 
tunes evenly with no instability from the 
lowest resonant frequency to the highest. 
Intermodulation and cross modulation 
within the preamp is as good or better 
than any solid-state device you can use. 
The noise figure of this device, as mea¬ 
sured on working models, is just under 
1.0 dB at 50 MHz, increasing to 2 dB on 
220 MHz and rising to 4 dB at 450 MHz 
and 6 dB at 800; a noise-figure curve is 
plotted in fig. 6. 

The gain of a single stage of amplifica¬ 
tion depends a great deal upon the L/C 
ratio of the striplines and load capacitors, 
as well as coupling between striplines and 
the match to the transistor. In the early 
stages of development I built nearly a 
dozen filter/preamplifiers to determine 
the proper balance of L and C. The 
performance characteristics were care¬ 
fully measured as L and C were juggled, 



FREQUENCY (MHZ) 


fig. 6. Noise-figure curve for the 
grounded-gate 2N5397 preamplifier. 
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7/16 " HOLE FOR TRANSISTOR 
OR ENLARGE FOR COAX 
OUTRUT CONNECTOR 


SHIELDS (2 REQ'D) 

chassis 17x17x4” (BUD AC-1431) 

cover 17” x 17" (BUD BPA-1597) 


NOTCHES FOR 4‘40 x 1/4 ‘ BRASS SCREWS 

shields 16-7/8 x 3-13/16”; cut from 
double-sided copper-clad 
printed-circuit board (Kepro 
P2-1212G) 


fig. 7. Construction details of an interdigital filter/preamplifier that tunes from 50 to 100 MHz. 
Striplines are spliced as described in the text. Hole for input coax connector is centered, IV 2 ” from 
bottom of chassis. 


strip mounting and strip-to-strip spacing 
varied, and input/output coupling 
changed. As in most repeatable designs, 
predictable patterns developed that pro¬ 
vided the basis for design formulas. 

The information presented in this ar¬ 
ticle will be limited to units that are 


especially suitable for the vhf amateur 
bands. The performance characteristics of 
6-strip interdigital-preamplifiers for 50, 
144 and 220 MHz are shown in table 1. 
Two identical interdigital-preamplifiers 
may be cascaded for any of the bands. 
This results in narrower 3-dB bandwidths, 


12 GB august 1970 






CHASSIS FRONT (FROM OUTSIDE) 


a HOLE FOR CAPACITOR SHAFT 
8 CAPACITOR MOUNTING MOLE 
AA POLS FOR ROTOR-GROUNOlHG SCREW 
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chassis 10 x 14 X 3" (BUD AC-414) 

or 10 X 17” (BUD AC-416). 
Required interior dimensions are 
10 x 111/4”, a non-standard chassis 
size; required si 2 e is provided by an 
interior end plate 


cover 10 X 14” (BUD BPA-1524) or 10” 
x 17" (BUD BPA- 

shields 9.8 x 2-13/16”; cut from double 
sided copper-clad printed-circuit 
board (Kepro P2-1212G) 


fig. 8. Construction details of an interdigital filter/preamplifier that tunes from 100 to 200 MHz. To 
raise the resonant frequency to 120 to 240 MHz remove one plate from C2 and C7; remove 2 plates 
from C3 and C6; remove 2 stator plates and 3 rotor plates from C4; and remove 3 stator plates and 3 
rotor plates from C5. Hale for input coax connector is centered, 1-1/16” from bottom of chassis. 


considerably steeper 20-dB bandwidth 
skirts, and twice the gain of a single unit 
with the same noise figure. 

construction 

Two versions of the interdigital- 
preamplifier are shown; one tunes from 


50 to 100 MHz and the other covers from 
120 to 240 MHz. Both are based on 
standard BUD aluminum chassis with 
bottom plates. The striplines are probably 
a little different than anything you've 
seen before—they consist of two pieces of 
copper-clad printed-circuit board, sup- 
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ported on the variable capacitor at the 
hot end and held by two %-inch 4-40 
brass machine screws at the other. 

Unlike the W2CQH combline, the 
striplines in the interdigital-preamplifier 
hang vertically. This effectively gives you 
twice as much surface area for a given 


from the output circuit by a piece of 
double-sided copper-clad circuit board 
that runs the full width and full heighth 
of the chassis (see fig. 7). The 2IM5397 is 
mounted in a 7/16-inch hole drilled in the 
shield; the case lead of the fet is soldered 
to the side of the shield facing stripline 



fig. 9. Mechanical layout of the filter/preamplifier. Dimensions are determined by frequency range as 
shown below: 


frequency ABC 

(MHz) 

50-100 1-1/32" 5/8” 1” 

100-200 3/4” 5/8” 1-1/4" 

resonator length and directly affects the 
efficiency of the LC networks, particular¬ 
ly at the lower operating frequencies. 
Striplines 1, 2, 5 and 6 use this technique; 
striplines 3 and 4, because of impedance 
matching to the 2N5397, use equivalent 
lengths of copper tubing. This design 
approach is several dB more efficient than 
all copper-tubing resonators, single hori¬ 
zontally suspended striplines or combina¬ 
tions of horizontally suspended strip and 
copper tubing. 

The 2N5397 input circuit is shielded 


number 3, the gate lead is soldered to the 
side of the shield facing stripline number 
4, the source lead connects directly to a 
pigtail from C3, and the drain lead is 
soldered to a pigtail on C4. 

Input coupling to stripline number 1 
and output coupling from stripline num¬ 
ber 6 is accomplished with ceramic capac¬ 
itors; values are given in fig. 10 for either 
52- or 75-ohm operation. 

Striplines 3 and 4 are supported by 
Centralab FT-series feedthrough capaci¬ 
tors. Sprague BH-series stud-bypass capac¬ 
itors could be used here, but construction 
is more difficult because of their small 
size. Stripline number 3 is resistance 
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coupled to ground through a resistor that 
is chosen to allow the 2N5397 to draw 5 
mA; typical values range from 100 to 470 
ohms with 330 to 390 ohms quite com¬ 
mon. Stripline number 4 is resistance 
coupled to the power supply through a 
100-ohm resistor with additional bypass- 


tion is installed after stripline number 6. 
This serves as the outer wall and holds the 
output coaxial connector. 

how to build it 

Before starting construction the chas¬ 
sis should be laid out with each mount- 


fig. 10. Schematic diagram for 
the interdigital filter/preampli¬ 
fier. 



C1.C10 

30-pF ceramic (75 ohms): 
35—40-pF (50 ohms) 

C2,C3,C4, 

C5,C6,C7 

5—100-pF air variable 
(Calectro A1-226) 

C8,C9 

Centralab FT-1000 feed¬ 
through capacitors 

Cl 1 

O.I-mF ceramic, 50 voits work¬ 
ing 

L1.L2, 

L5.L6 

8 strips (2 per stripline) cut 
from 1 oz. (0.00135) single¬ 
side copper-clad printed-cir¬ 
cuit board (Kepro P1-1212G). 
Each strip 15 1 /*” long, IV 2 ” 
wide 

L3,L4 

5/8” OD copper tubing, 14 3 /4” 

long 

R 1 

100 to 470 ohms (see text) 

R2 

100 ohms, V* watt 


Cl,CIO 

6.8-pF cermaic (75 ohms); 
10-pF ceramic (50 ohms) 

C2,C3,C4, 

C5,C6,C7 

2.9—30-pf air variable (Calec¬ 
tro AL-225) 

C8.C9 

Centralab FT-1000 feed¬ 
through capacitors 

Cl 1 

0.1-mF ceramic, 50 volts work¬ 
ing 

L1.L2, 

L5.L6 

8 strips (2 per stripline) cut 
from 1 oz. (0.00135) single¬ 
side copper-clad printed-cir¬ 
cuit board (Kepro P1-1212G). 
Each strip 8.9”long, 1.5” wide. 

L3,L4 

5/8” OD copper tubing, 8.4” 
long 

R1 

100 to 470 ohms (see text) 

R2 

100 ohms, V 4 watt 


Components for 50 to 100 MHz unit 


Components for 100 to 200 MHz unit 


ing on the outside of the chassis through 
a 0.1 pF ceramic capacitor. 

Part of the BUD chassis is not used in 
both models of the filter/preamplifier 
shown here. In addition to the shield 
between striplines 3 and 4, another parti- 


ing hole center punched so each hole is 
drilled where it should be. Small errors in 
strip-to-strip spacing are tolerable, but 
anything over 1/16 inch is not small. 

Sheet-metal screws are used to fasten 
the top plate to the chassis. It's manda- 
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tory that this plate fits very tightly 
because, as well as a shield, it serves as a 
ground plane for the striplines. The 
sheet-metal screws are located at the end 
of each strip (on the cold end) and 
directly above the tuning capacitor (on 
the hot end). If you skimp on the number 
of screws you'll have problems with 
erratic tuning and low gain. 

The striplines are centered between 
the top and bottom plates of the chassis. 
On the capacitor end of the resonator, 
the stripline is soldered to the capacitor 
stud with the copper foil facing in (all 
striplines are single-sided copper and 
mount on the outside of the studs so 
copper faces copper). At the cold end of 
the stripline brass grounding screws are 
located inside the strips directly opposite 
the capacitor studs. The copper-clad 
strips must run exactly parallel to each 
other or efficiency will drop. 

The input and output ceramic capaci¬ 
tors must have short leads. Small holes 
drilled just above the center line on the 
input and output striplines allow you to 
feed the capacitor pigtail through the 
strip and solder it to the copper side. 

The two shields are made from 
double-sided copper-clad printed-circuit 
board and are cut to form a snug fit top 
and bottom, with small clearance on 
either end. Brass 4-40 machine screws, 
/4-inch long, are mounted in the chassis 
wall at either end of the shield, and the 


Transistor installation in 100 to 
200-MHz filter/preamplifier. 



shield is soldered to them. Make sure the 
brass screws are soldered to both sides of 
the shield. Small notches in the board 
allow the screws to seat snugly into the 
shield. 

In the 50- to 100-MHz model of the 
filter/preamplifier an additional brass 
screw is installed through the chassis in 
the exact center of the shield. This holds 
the center of the long shield in place and 
helps to maintain the proper location of 



Mounting of center shield and 
striplines (SO to 100 MHz unit). 


the shield in the long chassis. 

Kepro printed-circuit board is available 
in pieces up to 12 inches square; one 12 x 
12 inch section will furnish 8 strips, 12 x 
V/j inches. For the 50- to 100-MHz filter, 
the required 15% inch length is provided 
by splicing a 3%-inch piece from another 
printed-circuit board. To bridge the splice 
joint, use thin strips of copper, 1% inches 
long, sweating the printed-circuit board 
and copper strip together with a 40-watt 
soldering iron. Be sure the 3%-inch sec¬ 
tion joins the 12-inch strip flush on so the 
resulting 15%-inch strip has no bends or 
kinks. 

Striplines 3 and 4 are made from 
common copper tubing. Make sure the 
tubing is straight-you'll have to straight¬ 
en the pieces you need carefully since it's 
usually sold in rolls. The hot end of the 
tubing fits nicely onto the capacitor 
studs. The cold end of the tubing is 
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attached to the mounting stud (FT feed¬ 
through capacitor) with a short loop of 
number 16 or 18 copper wire that is 
soldered across the end of the tubing; the 
wire is soldered to the FT capacitor. 

The rotors of the Calectro variable 
capacitor are not automatically grounded 
when the capacitors are mounted, so a 
'/j-inch 4-40 brass machine screw is used 
to solder the rotor tab to ground. (Calec¬ 
tro variable capacitors are commonly 



Closeup of 2N5397 position in 
the center shield. 


available at the Calectro displays found at 
most electronic parts distributors.) 

When you get down to actually build¬ 
ing the filter/preamplifier it is recom¬ 
mended that you follow the step-by-step 
instructions given below. 

1. Mark and drill all holes. First 
lay out the top plate, center-punch the 
holes and drill holes for no. 6 sheet- 
metal screws. Then put the top plate 
in position over the chassis and drill 
corresponding holes in the chassis lips 
using the top plate as a drill template. 

2. Install all of the 4-40 brass screws. 

3. Install both shield sections. (If you 
wait until after you install the other 
components you won't be able to gej 
them into the chassis.) 

4. Install the variable tuning capaci¬ 
tors, grounding the rotor tab to the 
Vi-inch 4-40 brass screws provided for 


this purpose. Install C8 and C9, the 
two FT-1000 feedthrough capacitors. 

5. Install both coax connectors and 
the input and output coupling capaci¬ 
tors (Cl and CIO). The stripline end is 
not connected yet. 

6. Install the striplines-two per ca¬ 
pacitor-starting with lines nearest the 
end of the chassis. Use a 25- to 
40-watt soldering iron when installing 
the striplines because very little heat is 
required with the copper-clad strips. 
Solder the capacitor end first, holding 
the other end in position so that the 
weight of the stripline is not on the 
newly soldered capacitor stud. (If you 
mark the center lines of the strip you 
can align the centerline with the stud.) 
The cold ends of the striplines are held 
snugly by friction against the 4-40 
grounding-screw nuts. Remember that 
for top performance the copper-clad 
strips must be parallel and centered 
between the chassis top and bottom 
ground planes. 



Cold ends of striplines are 
soldered to 4-40 screws. 


7. Now install striplines 3 and 4. 
You'll need a 150-watt iron (or more) 
to solder the copper tubing. Don't rest 
the weight of the tubing on the capaci¬ 
tor studs—block the tubing up until 
both ends are firmly in place. 
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8. Install Rl-try 330 ohms to 
start—and install R2. Resistor R2 
feeds through a small hole in the cold 
end of the chassis just under the FT 
bypass capacitor. 

9. Solder the loose ends of the input 
and output coupling capacitors to 
striplines 1 and 6, pushing the pigtail 
through the small hole in the strip and 
soldering it to the copper foil. 

10. Carefully install the field-effect 
transistor with the tab pointing toward 
the input side of the filter. Solder the 
case lead to the input side of the shield 
and the gate to the output side of the 
shield. The transistor leads can be 
preformed as shown in fig. 11; the 
source lead will point toward C4 
(stripline 3), and the drain lead will 
point toward C5 (stripline 4). Short 
pigtails of no. 18 copper wire are 
soldered to the variable capacitor 
studs, and then to the free drain and 
source leads. When soldering the tran¬ 
sistor leads use heat sinks and no more 
than a 40-watt soldering iron. 

11. Install the power supply de¬ 
coupling capacitor C11 outside the 
chassis. 

construction tips 

If you are interested in duplicating the 
units shown in this article, there are a few 
tips that are worth passing along. If you 
experience problems with gain, and are 
satisfied that you have used proper layout 
and construction, remember that output 
is affected by power supply decoupling, 
output circuit loading (the device won't 
work well if too heavily loaded), and 
saturation. Power gain drops rapidly 
when the transistor is saturated—the 1-dB 
gain-compression point at 450 MHz, for 
example, is coincident with 1-mW input. 

In addition, any inductance in the gate 
lead will severly affect performance. This 
indicates that the shield between stripline 
3 and 4 must be well grounded to the 
chassis. If the side of the shield where the 
gate lead is soldered is floating above 
ground it will introduce considerable in¬ 


ductance to the gate circuit. 

If any performance problems develop 
check your construction. The spacing 
between resonators, between the top and 
bottom plates, and the shield between 
striplinesr^. and 4 must be uniform. The 
layout shown here was developed for 
optimum performance; if you deviate 
much, or use sloppy construction, gain 
will quickly drop off to 2 to 3 dB. Use 
extreme care when laying out the com¬ 
ponent mounting holes; variances of 
1/ 16th inch will deteriorate performance. 



fig. 11. Method of pre-forming the 
leads to the 2NS397 fet before 
installing it into the preamplifier. 


tuneup 

With the top plate removed from the 
chassis you can apply voltage to the unit. 
A meter in series with either the negative 
or positive power supply lead will allow 
you to monitor the current drain of the 
2N5397. Correct current drain is 5 mA.* 
If you have more than this with a 
330-ohm resistor at R1, increase R1 to 
the next standard value. If you read less 
than 5 mA lower the value of R1 (rule of 
thumb only—variables between 2N5397 
transistors can reverse this suggestion). 
Keep adjusting the value of R1 until 
current drain is as close to 5 mA as 
possible. 

To tune or test the unit the top plate 

•Although this discussion is based on the 
2N5397 fet, the less expensive 2N4416 can also 
be used in this preamplifier. However, the 
2N4416 will have considerably higher noise 
figure, particularly above 100 MHz, and slightly 
lower gain than the 2N5397. The only change 
concerns the value of R1 —it should be adjusted 
so that the current drain of the 2N4416 does 
not exceed 2.5 to 3 mA. The 2N4416 base 
diagram is the same as the 2N5397. 
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must be installed firmly in position with 
all of the sheet metal screws. Connect a 
signal source (50 to 100 pV) to the input 
and a receiver or converter to the output. 
Slowly rotate C5 (stripline 4) for an 
indication of signal. At 50 MHz C5 will 
be about two-thirds meshed, on 144 MHz 
it will be half meshed and on 220 MHz it 
will be nearly wide open. If you can't 
find the signal (be sure your receiver is on 
the correct frequency) tune C3 (stripline 
2) to the same position suggested for C5. 

Once you find the signal, tune C2 and 



The cold ends of tubular striplines 3 and 4 
are soldered to FT-1000 feedthrough capaci¬ 
tors. 


C7, then C6 and C4. in that order, for 
maximum signal. Peak the capacitors 
again, in the same sequence, starting with 
C5. (Crank down the output of the signal 
generator so you keep the S-meter in a 
more linear range.) With the unit tuned 
up for maximum gain, you will have an rf 
bandpass window similar to that shown in 
fig. 12 Fortunately this occurs at the 
same point as maximum gain. 

Set the signal generator output so the 
S-meter reads S9. Disconnect the filter/ 
preamplifier and connect the signal gener¬ 
ator directly to the receiver. If the pre¬ 
amplifier is working properly-and the 
signal generator has a 50-ohm output-the 
S-meter should drop 10 to 14 dB, de¬ 
pending on the band you're .working 
with. 


precautions 

Although I haven't had any trouble 
with high-power rf from my transmitter, 
you don’t want to blow out the S8.50 
transistor. Regardless of how you handle 
the potential problem-diodes, coax re¬ 
lay, etc.-do it outside the filter/preampli¬ 
fier chassis. Any additional stray parts 
mounted inside the chassis only degrade 
performance by upsetting the balance of 
the tuned circuits inside the box. 

typical performance 

Fig. 13A shows how a 10,000 pV 
channel-4 television signal appeared on a 
tv receiver tuned to channel 3. All of the 
video information on the screen is from 
channel 4, overload from channel 4 to 
channel 3 is virtually complete. Fig. 13B 
shows the same receiver, still tuned to 
channel 3, with an interdigital-preampli¬ 
fier ahead of the receiver. The weak 
snowy picture, all 0.9 microvolts of it, is 
from a channel 3 transmitter 153 miles 
away. The 10,000 pV channel-4 signal has 
been completely eliminated. Fig. 13C 
shows the same signal passed through a 
pair of channel-3 interdigital-preampli- 
fiers. With such a weak signal to work 
with there's not much hope for a snow- 
free picture. The signal input to the 
receiver at this point is 32 pV. (In this 
photo a 20-dB post amplifier was install¬ 
ed between the tv set and the second 

fig. 12. Bandpass curves for single and 
double interdigital filter/preamplifiers. 
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fig. 13. Adjacent-channel performance of the interdigital filter/preamplifier. In A the channel-3 
programming is completely obliterated by channel-4 signal. With one interdigital filter/preamplifier 
in the line, channel-4 interference is eliminated (B). Two filter/preamplifiers improve the quality of 
the channel-3 signal (C). 


interdigital-preamplifier.) 

Fig. 14 shows the performance of the 
unit as a preamplifier without adjacent- 
channel interference. Fig. 14A shows an 
off-the-air signal from a channel-12 trans¬ 
mitter 170 miles away. If you look 
closely you may be able to see the frame 
bar Fig. 14B shows the same signal with 
a single interdigital-preamplifier ahead of 
the receiver: now we know there's a 
signal present. Adding another inter- 
digital-preamplifier results in the picture 
shown in fig. 14C. 

It should be noted that the television 
receiver used for these photographs is a 
special catv model, the Conrac AV-12E. 
Comparing this receiver to the typical set 
you have in your home is like comparing 
a 75A4 to an S-38! 

sweep tests 

The bandpass characteristics of the 
interdigital-preamplifier are shown in the 


oscilloscope displays of fig. 15. For these 
displays the output from a Jerrold 601D 
sweep generator, sweeping from 15 to 
100 MHz, is connected through a 1-dB 
step attenuator to the input of an inter¬ 
digital-preamplifier tuned to 61.25 MHz. 
The display is 10 dB from the baseline 
(top) to the bottom. The 62.25-MHz 
marker (1 MHz off resonance) on the 
right is 5 dB down the curve. Fig. 15B 
shows the same 62.25-MHz marker after 
passing through a pair of interdigital- 
preamplifiers; it is now 8 dB down the 
curve. 

Fig. 15C shows the same curve with 
the marker moved down to 61.75 MHz, 
500 kHz off the resonance point of the 
interdigital-preamplifier; it is 3 dB down 
the curve. The 61.75-MHz marker moves 
6 dB down the curve when a second 
interdigital-preamplifier is added to the 
line (fig. 15D). From these measurements 
you can plot the bandpass curves of single 



♦ig. 14. On-thc-air performance of the filter/preamplifier. The channel-12 signal in A without the 
preamplifier in the line is almost covered with snow. One filter/preamplifier results in the signal 
shown in B. Second preamplifier ahead of the tv set results in the signal shown in C. 
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A. With single stage 1-MHz 
off-resonance marker is 5 dB 
down. 


B. With two stages the 1*MHz 
marker is 8 dB down. 



C. 500- kHz off-resonance 
marker is 3 dB down with 1 
stage. 


D. 500-kHz of f-resonance 
marker is 6 dB down with 2 
stages. 


fig. 15. Bandpass characteristics of the filter/preamplifier. 


and double interdigital-preamplifiers as 
shown in fig. 12. 
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You're on the air having an enjoyable 
conversation. You switch over to the 
other station and the fellow says, "Sorry, 
missed most of that. Someone drifted 
onto your frequency." Sound familiar? 
The "someone" is usually a combination 
of unstable vfos and receiver drift. 

The drifting signals one hears today 
suggest that vfo stability isn't really as 
good as claimed by equipment manufac¬ 
turers and authors of vfo articles in the 
ham magazines. The best answer I've 
found to this problem is the variable- 
frequency crystal oscillator, or vxo. 

The vxo circuits described in this 
article combine the flexibility (within 
limits) of a vfo with the inherent stability 
of crystal frequency control. Frequency 
can be varied between 2-720 kHz depend¬ 
ing on the crystal frequency and other 
considerations, which I'll discuss. Many 
amateurs I've talked to never heard of 
varying a crystal's frequency over such a 
wide range. 

Very little information has been writ¬ 
ten about the vxo. One article 1 describes 
a circuit that can pull down the frequen¬ 
cy of an 8-MHz crystal about 4-5 kHz 
before the circuit becomes "a rather 
inferior vfo." With this circuit (fig. 1) as a 
starting point, I designed the circuits of 
fig. 2 and 3 using FT-241 crystals in the 
450-kHz region and the circuit of fig. 4 
using 3.5-8.5 MHz crystals. 


circuit development 

The vxo shown in fig. 2 is a modifica¬ 
tion I made to a BC-604 fm tank trans¬ 
mitter. The vxo output goes through a 
stage of amplification and several fre¬ 
quency multipliers to obtain output on 
21 MHz. I've used this vxo on 7 and 21 
MHz cw with excellent results. The cir¬ 
cuit has also been used to operate a 
2-meter transmitter. Eight crystals were 
needed to cover the entire 2-meter band. 

The only addition to the BC-604 was 
LI, Cl. Capacitor Cl is used to pad the 
crystal frequency over a certain range, in 
this case 2 kHz. With an increase in 
padding range, the effects of temperature, 
vibration, and hand capacitance become 
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more pronounced; and the same precau¬ 
tions in building vfos must be used. 
These effects are small, however, and the 
crystal is still the frequency-controlling 
element. If you don't exceed the padding 


the BC-604 are less than 2 kHz apart, 
continuous coverage to the next lower- 
frequency crystal is possible. Stable 
2-kHz padding was obtained with the 
circuit of fig. 3. 


OUTPUT 



LI 16-24 juH for 8-9 MHz crystal (J. W. Q1 2N706, 2N2219, 2N3662 or RCA 

Miller 4507) 40237 

L2 40 turns no. 36, tapped at 16 turns 


fig. 1. Circuit described in reference 1. An excursion of 4—5 kHz is claimed for an 8-MHz crystal. 


range, the vxo won't become an "inferior 
vfo." 

The circuit of fig. 3 seems to work 
well with the same low-frequency crystals 
used in the vxo of fig. 2. The solid-state 
version shown was also used with the 
BC-604. Since the crystals furnished with 



Cl Broadcast radio variable with both 

sections in parallel 

LI Broadcast variloopstick antenna or 

similar 

fig. 2. Oscillator modification made to a 
BC-604 transmitter using low-frequency crystal. 


A transistor vxo that produces stable 
50-kHz padding is shown in fig. 4. This 
vxo can also be used with a crystal in the 
8-MHz region for 6- or 2-meter operation. 
Doubling will produce a padding range of 
100 kHz on 14 MHz, 150 kHz on 21 MHz 
with tripling, and 200 kHz on 28 MHz 
with quadrupling. To cover the entire 
2-meter band, you'll need 8 crystals 
(500-kHz padding range). 

Table 1 gives recommended padding 
ranges for the FT-241 crystals when used 
in the circuits of figs. 1 through 3. If 
you're interested in a particular frequen¬ 
cy range (as for net operation), try to use 
a crystal that will cover the first 25 
percent of the padding range—then you'll 
have crystal stability. 

The transistor circuits will start oscil¬ 
lating with 2.4 V; for more output, up to 
12 V can be used. Unless followed by a 
frequency-multiplier, a buffer amplifier 
will be needed, as in fig. 1. 

a vxo for exciter use 

Suppose you want to design a vxo 
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covering the entire 40-meter band, and 
you have an exciter such as the Central 
Electronics 20A using a 9-MHz crystal. 

Higher than 9-MHz injection frequen¬ 
cy is preferred to avoid unwanted mixer 
products. Therefore the injection fre- 


more than 50 kHz on harmonics (25 kHz 
on the fundamental). These crystals are 
also useful for 2-meter work. 

tuning capacitor considerations 

Referring to fig. 5, capacitor Cl is 


fig. 3. Solid-state version of 
the vxo in fig. 2. 


FT- 241 



quency will be from 7 + 9=16 MHz to 
7.3 + 9 = 16.3 MHz. Crystals in this range 
are overtone types and won't operate in 
these circuits. The solution is to use an 
8.150-MHz crystal and operate it on its 
second harmonic, 16.3 MHz. Padding 50 
kHz on the crystal fundamental fre¬ 
quency will produce 100-kHz shift in the 
output. This will give you full coverage of 
the 7-MHz phone band. An 8.1-MHz 
crystal will cover the next 100 kHz, and 
another crystal at 8.05 MHz will extend 
coverage to 7 MHz. 

Crystals with frequencies of 8.125 and 
8.075 MHz will be useful if you want 
extra stability and don't wish to pad 


used to bring the crystal frequency within 
the range of C2. Both capacitors should 
have a straight-line frequency response as 
a function of angle of rotation of the 
rotor plates. This capacitor characteristic 
is important for vxo calibration and 
tuning. For example, the tuning capaci¬ 
tors shown in the circuits of figs. 1 
through 4 are common broadcast-band 
variables. When these are used, frequency 
decreases slowly at first as the capacitor 
rotor is turned. Then the frequency 
change becomes faster, until finally a 
hairline change in rotor position will 
produce a 1-kHz jump. This, of course, is 
very inconvenient at the lower frequen- 
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cies. The sketch of fig. 6 illustrates the 
geometrical relationship of the stator 
plates in these two versions of variable 
capacitors. 

In the circuit of fig. 5, capacitor C2 
should be of good quality, otherwise 


Battery voltage may be 2.4-12 V. 
Higher voltage may result in drift due to 
heating. I use 6 volts in my vxo. 

in closing 

As far as I know, the vxo designs 
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fig. 5. Vxo-doubler circuit for a typical exciter. 

Three crystals are required for full coverage of the 40-meter band. 


contact-scraping noise will be heard in the 
receiver; small jumps in frequency may 
also occur. A capacitor with an insulated 
rotor is recommended for C2. 

circuit description 

The purpose of R 1 in fig. 5 is to lower 
the Q of LI. This allows a larger padding 
range and more stable operation near the 
low end of the range. If the frequency 
changes when touching the rf choke, the 
choke is too small. Resistor R2 prevents 
oscillation at the rf-choke resonant fre¬ 
quency. 

Use a two-section be variable capacitor 
to find the exact value of C3 and C4. 
Then replace the be capacitor with two 
silver micas. A value of 200 pF seems 
right for this circuit. 


table 1. Padding ranges for various crystal 
frequencies. 


padding range 

fig. 1 

figs. 2 & 3 

FT-241 

(kHz) 

(kHz) 

0.45 (fundamental) 

0.2000 

2.00 

4.00 (9th harmonic) 

2.00 

20.00 

8.00 ( 18 th harmonic) 

4.00 

40.00 

144.00 (324th harmonic) 72.00 

720.00 


described in this article have never been 
published before. The circuit for the 20A 
exciter has been used on 40 and 15 
meters in both the cw and ssb mode. All 
reports were crystal quality, and all oper¬ 
ators asked for the circuit diagrams; so 




CAPACITOR PRODUCE LINEAR VXO 

CALIBRATION 

fig. 6. Mechanical configuration of straight-line 
wavelength capacitor used for be band and a 
straight-line frequency capacitor. 

I've presented them here to share with 
others. My old vfo has since drifted into 
the junk box. 

reference 

1. J. R. Fisk, W1DTY, "73 Useful Transistor 
Circuits," 73, March, 1967, p. 20A. 
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divide-by-ten 

frequency 

scaler 


An accessory 
that will increase 
the range 
of your 
frequency counter 
by a factor of ten 
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It's easy to extend the range of your 
frequency counter with this scaler. Four 
inexpensive JK flip-flops and a simple 
power supply comprise a circuit that will 
divide input frequency by ten. Thus, 
frequencies beyond the range of most 
home-built counters can be scaled down 
to a frequency the counter can handle. 
The basic measurement accuracy of the 
counter won't be affected by the scaler. 
If your counter has an upper measure¬ 
ment frequency limit of, say, 100 kHz, 
this scaler will extend its range to 1 MHz. 

The maximum range of the scaler will 
depend on the IC's and construction 
techniques. The model shown here has an 
upper frequency limit of 106 MHz. 
Therefore, to realize the maximum poten¬ 
tial of the scaler, your counter should 
operate to at least 10 MHz. 

applications 

A frequency measuring system with a 
maximum upper range of 100 MHz will 
cover all amateur bands through six me¬ 
ters; however, the instrument isn't limited 
to these bands. Two-meter transmitters, 
for example, can be checked at a lower- 
frequency stage. 

While exploring its possibilities, I used 
this scaler to check transmitters operating 
in the 900-MHz region by picking up rf at 
a frequency-multiplier stage. Transmitters 
operating between 144 and 160 MHz 
were also checked similarly. An insulated 
wire probe inserted near the plate coil 
was used to obtain energy for the scaler. 
Very little power is needed, and care 
should be taken not to overcouple the 
circuit. The IC's have a high-impedance 
input, and only 0.8 volt p-p is required to 
toggle them. 

circuit description 

The scaler schematic (fig. 1) is a 
standard circuit for a clocked counter 
with binary-coded decimal output for 
decoding. The bed output is incidental. 
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It's not used in the scaler, but merely 
means that the scaler is compatible with 
other IC's for decimal readout. 

The IC's are from Motorola's MECL II 
family (meaning emitter-coupled logic). 
The MC1013P and MC1027P are iden¬ 
tical, except the latter has lower internal 


such as the MC770P, for those interested 
in using an MECL as the first stage of a 
counter. 

construction 

The main objectives in building the 
scaler were wide frequency response, sta- 


DIVIDE BY 2 DIVIDE BY 6 

I-» 1 - 



fig. 1. Schematic of divide-by-ten scaler and power supply. Unit delivers 4 volts p-p to drive a digital 
frequency counter. 


resistance values, twice the current drain, 
and a higher operating frequency. I used 
the MC1027P in the divide-by-two sec¬ 
tion as a compromise between cost and 
performance. You can use all MC1013P's 
or all MC1027P's, since pin connections 
and logic are identical. Motorola technical 
data 1 may be consulted for details. 

An amplifier stage, Q1, increases scaler 
output to 4 volts p-p. It will also translate 
the MECL logic level to saturated logic 
levels, so four identical circuits would be 
useful as an inexpensive interface be¬ 
tween the bed output and a resistor 
transistor logic (RTL) decimal decoder. 


bility, simplicity and low cost. I tried 
several other circuits using linear IC's, but 
found these JK's could be driven directly 
without gate drivers. The elimination of a 
preamplifier simplifies the power supply 
and reduces cost. 

You are urged to use the board layout 
as shown in fig. 2, with no changes. Other 
layout arrangements will work, of course, 
but I arrived at this one after etching 
several circuit boards, and I know it will 
work. 

At 100 MHz short leads or circuit 
trails are imperative, and bypassing is 
equally important. Note theO.OI-pF min- 
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fig. 2. Parts layout. Enclosure is an LMB 138 box 6V* x 3Vz x 2-1/8 inches. Components are shown as 
viewed from the bottom of the board. Circuit boards are available from Stafford Electronics, 427 
South Benbow Road, Greensboro, North Carolina 27401; order HR-7, $2.50. 


iature discaps across the V cc terminals of 
each 1C. Also it's important that power- 
supply output be close to 5.2 volts. The 
voltage at the junction of the 2.2k and 
10k resistors must be 4.0 volts. Change 
the value of the 27-ohm filter resistor or 
the 2.2k divider until you obtain these 
voltages within 10%. 

wiring 

When wiring the IC's be sure they're 
properly oriented and solder is flowed 
around each pin. Use a magnifying glass 
to examine each soldered connection to 
make certain that no pins are shorted. 
Use a 22-watt iron on the connection 
only long enough to ensure a good joint. 
A hotter iron can be used if you use some 
kind of device to transfer excess heat 
from the connection. Spring-loaded heat¬ 
sink tools are available for this purpose. 


or you can make an acceptable substitute 
from a strip of aluminum. Most device 
manufacturers provide maximum pin 
temperatures, and it's well to heed their 
recommendations. 

If, for some reason, you must remove 
an 1C you'll need something to remove 
the molten solder before the 1C can be 
removed without damage. The best way is 
to use a vacuum device, such as a Sol- 
dapult,* to pick up molten solder. I've 
used this device when removing hundreds 
of solid-state devices and have yet to 
damage any from heat. 

A complete parts list is provided in 
table 1. A conservative estimate for the 
total cost is $25.00-not bad for a simple 
circuit that will increase the range of your 
counter by a factor of ten. 

'Edsyn, Inc., 15954 Arminta Street, Van Nuys, 
California 91406. 
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operation 

When the scaler is completed, check 
the power supply and examine the scaler 
circuit carefully. The JK flip-flops seem 
to operate with any input from 1 MHz 
up, so the scaler can be checked at a low 
frequency with a signal generator and 
inexpensive oscilloscope. If you obtain a 
signal at the output jack, the scaler is 
probably working all right. If not, it's 
easy to signal trace with the scope, 
progressing through flip-flops 1 through 
4. Output should be found at pins 1 and 
13 of each 1C, at about 0.8 volt p-p. At 
the active pins (those not grounded or at 
V cc ), you should be able to measure 4.0 
volts dc. 

If scope checks lead you to suspect an 
1C, you can substitute another device to 
see if anything changes. With such a 
simple circuit, it's unlikely you'll have 
trouble; however the advice given above is 
included “just in case." 

The two back-to-back diodes across 
the input provide some overload protec¬ 
tion, but it's possible to zap all the IC's 
by applying a very high-level input signal. 
Therefore, with the scaler connected to 
the counter, increase scaler input until 
the counter suddenly starts reading; that's 


table 1. Parts list. 

1 3 x 6-inch printed circuit board, copper one 

side, etched 

1 enclosure, LMB 138 6V« x 3Vz x 2-1/8 inches 
or equivalent 

4 spacers, 3/8 to Vz inch long 

1 power transformer, Knight 54-1416 6.3V @ 
.6A (Allied Electronics) 

1 single-phase bridge, or 4 diode equivalent 
(Motorola) MDA920-1 

2 500 /-IF <§> 15V (CD 500/15) 

1 27 ohm 1 watt resistor 

1 2.2k Vz W resistor 

1 10k Vz W resistor 

1 680 ohm Vi W resistor 

1 470 ohm Vi W resistor 

1 560 pF disc capacitor 

5 0.01 AiP 100V disc ceramic or equivalent 

2 1N9 14 high speed diodes 

1 1N100 diode 

1 2N4126 pnp silicon transistor 

1 integrated circuit (Motorola MC1027P) 

3 Integrated circuits (Motorola MC1013P) 

2 phono chassis connector Jacks 

all the input signal necessary. A one-turn 
loop at the end of a short length of 
shielded cable makes a good coupling 
device. 

reference 

1. ’The Integrated Circuit Handbook," Motor¬ 
ola Semiconductor Products, Inc., P.O. Box 
20912, Phoenix, Arizona 85306 
Also, Application Notes AN257, AN224, and 

AN277 ’ hart radio 


Circuit board for 10:1 frequency scaler. 
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computer-aided 

circuit 

analysis 


A powerful tool 
that eliminates 
trial and error 
in circuit design 
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The number of unusual tasks that can be 

more accurately and economically 
performed by a computer than by manual 
methods is steadily increasing. One of the 
more useful applications of the computer 
is the automatic analysis of electronic 
circuits. 

A number of different circuit analysis 
programs are available. One of the first 
and still popular programs, developed by 
IBM, is ECAP (Electronic Circuit Analysis 
Program). 1 ' 2 This program is widely used 
by circuit designers and has been adapted 
for use with machines other than those 
made by IBM. 

features 

ECAP can be used for dc, ac, or 
transient analysis by making slight 
changes to the input data. One of the 
more useful features is an automatic 
frequency response analysis, with 
machine plotting of the waveshape. This 
is done by inputting the proper data for 
an ac or transient analysis and asking for 
an output plot. 

As you would expect, a simple dc 
analysis is less complex than an ac or 
transient analysis of the same circuit. The 
dc analysis program for ECAP provides 
the steady-state solution for linear 
circuits composed of resistors, fixed 
current sources, fixed voltages, and 
dependent current sources. All other 
circuit components must be replaced with 
the equivalent circuit formed by these 
elements. The program also prints out 
diagnostics to inform the user of input 
errors and gives suggested remedies. 

application 

To see how the program works, let's 
make a dc analysis of a simple two-stage 
transistor amplifier. We start with the 
schematic shown in fig. 1. The first step is 
to convert the schematic into a dc 
equivalent circuit so we can describe the 
circuit in the language of the computer. 

It's necessary to follow a few simple 
rules to draw the equivalent dc circuit 
correctly. Capacitors must be replaced 
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with an open circuit and inductors with a 
short circuit, since this is how they appear 
to dc. The new circuit will consist of a 
network of junctions (nodes) and 
branches, each of which will have an 
input and output terminal. We call a node 
any point where two or more branches 
meet. (They are generally referred to as 
voltage nodes, since voltage calculations 
are made for these points as part of the 
mathematical solution.) A branch must 
contain at least one passive element—in 
our case a resistor. The branch may also 
contain voltage or current sources, or a 
dependent current source. 

Each node and branch must be 
numbered. Any order will do, but we 
must begin with number 1 and not skip 
any numbers. Ground will be called node 
zero (V 0 ). Current-flow direction must be 
selected and may be arbitrary except for 
dependent current sources (the transistor 
collector current) and their controlling 
branches (base current branch); then the 
direction of flow must be consistent. 

For example, the dependent current 


Many readers will wonder why an article 
of this type is presented, since most 
amateurs just don't happen to have a 
digital computer handy. The fact is that 
the program described here is available 
through numerous software companies, 
who maintain remote terminals in many 
large cities linked by telephone line to a 
central computer facility. The computer 
is used by these companies and others on 
a time-sharing basis; thus cost to a 
terminal subscriber is prorated. Libraries 
of programs for many scientific and 
business-oriented problems are available. 

The analysis program described here 
was developed for the IBM 1620 
computer about eight years ago. It's only 
recently, however, that the cost of using 
the program has been within the means 
of the average user by time sharing. 
Typically, the cost of running this 
program would be about $15.00 an 
hour, including terminal occupancy and 
computing time. Within ten years or so 
this will be substantially lower, so you 
could have a time-share terminal in your 
home for perhaps the same price as a 
telephone subscription, editor. 


source in the transistor model must show 
current flowing from emitter to collector 
(hp£ IB) when controlling current (Ig) 
flows from emitter to base. Refer to fig. 
2, which illustrates the equivalent circuit 
model for the transistors in our circuit. 

Fig. 3 shows the equivalent dc circuit, 
with the two transistors (T1,T2) replaced 
by their models. The capacitors and 
inductors have disappeared; and the 
voltage nodes, Vx, and current branches, 
Bx, have all been numbered. 

-I8V - 18V 



fig. 1. Two-stage amplifier used in the circuit 
analysis. Transistor gain (beta) = 50, output 
impedance = 50k, input impedance = 200 
ohms. 

program analysis 

We now start writing our input listing 
as pictured in table 1. We bypass the 
usual preliminary instructions to the 
computer concerning items not important 
here. “DC" (first line) indicates a 
steady-state dc analysis request. The 
second line tells the computer that in 
branch 1, current flows from node 2 to 
node 1 through a resistance of 200 ohms, 
and the resistor is connected to a battery 
voltage of -0.5 volt. (This represents the 
base-to-emitter voltage.) The third line 
describes current flow in branch 2 from 
node 0 (ground) to node 2 (emitter 
terminal) through a resistance of 47 
ohms. Line four shows that, in branch 3, 
current flows in the dependent-current 
source from node 2 (the emitter-collector 
junction) to node 3 (the collector 
terminal), through a resistance of 50k 
ohms. E3 in computer language means 
multiply by 10 3 ; i.e. three decimal places 
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table 1. Computer input listing for the elec¬ 
tronic circuit analysis program. 

DC 

B1 N(2,1),R=200,E=-0.5 
B2 N(0,2),R=47 
B3 N(2,3),R =50E3 
B4 N(3 f 0),R=3.3E3,E=18 
B5 N(1,4),R = 10E3 

B6 N(4,3),R=200,E=-0.5 
B7 N(5,3),R =4.7E3 
B8 N(0,4),R = 1E3 
B9 N(4,5),R=50E3 
BIO N(5,0),R = 1.5E3,E=18 
T1 B( 1,3), BET A = 50 
T2 B(6,9),BET A = 50 
PRINT,NV,BP 
EXECUTE 

should be added to the number 50. Line 
five depicts current flow from node 3 to 
node 0 through a resistance of 3.3k ohms 
and a battery voltage of 18 volts. 

If the battery polarities seem 
confusing, remember that current flow 
from negative to positive through the 
battery represents an increase in voltage. 
Therefore E = 18 is a positive voltage. 
The opposite occurs in branch 1 when 
emitter-base current represents a decrease 
in voltage; hence, the battery is shown 
with current flowing into the positive 
terminal and out the negative terminal. 
Consequently the battery is represented 
by E = -0.5 volt. 

The remaining branch descriptions can 
be read down through the line beginning 
BIO. Line T1 shows that the transistor 
currents flow through branches 1 and 3, 
and that the transistor current gain is 50. 
In this line, the controlling branch, B1, 
must be listed first followed by the 


dependent branch, B3. The line beginning 
T2 is read in the same way. 

We now tell the computer that we 
want it to print out node voltages and 
branch power losses by the PRINT, NV, 
BP line. The word EXECUTE, which 
follows, tells it to perform the 
calculations and print out the results. 

output 

The printout is shown in table 2. Node 
voltages are printed first, with the node 
numbers shown at the left. The voltages 
for nodes 1 through 4 are listed on the 


c 



fig. 2. Equivalent circuit model for the transis¬ 
tors in fig. 1. The dashed arrow indicates the 
interdependence of the emitter-collector branch 
with the emitter-base branch. 


first line and that for node 5 on the 
second. Note that the E 01 listed after 
the value for node voltage 3 means that 
the decimal point is to be moved one 
place to the right, indicating -2.64+volts. 
For node 5, E 02 states that we should 
move the decimal two places to the right. 


table 2. Printout giving node voltages and branch power losses, 
node voltages 

nodes voltages 


1- 4 -0.83987243E-00 -0.31386716E-00 -0.264B2825E-01 -0.21401 336E-01 

5- 5 -0.1 1750809E-02 


element power losses 

branches power losses 


1- 4 0.3381 3746E-05 

5- 8 0.16906791 E-03 

9-10 0.214264 38 E-01 


0.20960125E-02 0.1 5285775E-01 0.71416734E-01 

0.332023 85 E-06 0.1 7628932E-01 0.45801 718E-02 

0.26034927E-01 
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Branch power losses are listed next in 
the same order as the node voltages. E-05 
trailing the number for branch 1 tells us 
to move the decimal point 5 places to the 
left for a 0.00000338+ watt loss. Branch 
2 shows a power loss of 0.002+ watt. 

modeling 

You've probably guessed that the 
greatest difficulty with circuit analysis (or 
design) via the computer is coming up 
with realistic models for the active com¬ 
ponents, such as tubes and semiconduc¬ 
tors. A good model allows useful results 


node voltages. Obviously, these two out¬ 
puts would be valuable to the circuit 
designer by eliminating many hours of 
manual calculations and the need for 
breadboarding. 

conclusions 

Computer-aided circuit analysis or de¬ 
sign is a powerful tool for the engineer or 
technician. With it he can design on 
paper, check out the circuit, and modify 
and recheck without breadboarding. 

Those who have access to a computer 
may find it worthwhile to try their hand 


fig. 3. Complete model of 
the two-stage amplifier 
with all the voltage nodes 
identified for the program 
input listing. 



to be obtained, whereas a poor model will 
give questionable results or none at all. 
Almost as many different basic models 
are available as circuit analysis programs. 
Books have been written on modeling 
(references 3 through 6), therefore no 
attempt is made to go into that subject. 

other outputs 

The circuit we've examined is simple. 
We have only asked for simple outputs. 
We could have asked for more profound 
information, such as voltage sensitivities 
or a worst-case analysis. Sensitivities refer 
to whatever change may occur in a node 
voltage for a one-percent change in the 
branch parameter. This allows the de¬ 
signer to take precautions and use closer 
tolerances with components that have the 
greatest effect on circuit operation. A 
worst-case analysis means to sum all the 
positive (or negative) tolerances in a 
parameter and compute the resulting 


at circuit analysis with ECAP or one of 
the other available programs. Anyone 
with a good understanding of electronic 
circuits can become proficient in com¬ 
puter-aided design and analysis tech¬ 
niques after a few practice sessions. 
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Hall, New York. 
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a tunable 

audio filter 

for cw 


A selective audio filter can really help to 
pull cw signals out of heavy interference. 
What will help more is a tunable unit that 
will allow you to select the tone you 
want. 

This circuit uses two cascaded Ray¬ 
theon RM709 linear operational ampli¬ 
fiers* in an active filter that can be tuned 
while still maintaining essentially con¬ 
stant bandwidth at the 3-dB points of its 
response curve. 1 

design 

Fig. 1 shows the filter response at 
1000 Hz using the circuit of fig. 2. Gain 
at center frequency is approximately zero 
dB (gain of one), and the tuning range is 
from 750 to about 1600 Hz. The 3-dB 
bandwidth is 140 Hz. 

The gain of one means that when the 
filter is switched in, audio blasting won't 
occur at the tuned frequency. Maximum 
input signal is about 5 volts before 
clipping occurs at the output. 

power supply 

The ICs require a dual-polarity power 
supply. My supply makes use of the trick 
known as “zero" or "common" reference 
to the 1C. 2 A single 9-volt transistor 
battery with two resistors is used, as 
shown in fig. 3. While this supply is 
adequate, slightly higher voltages will 
allow the filter to handle larger input 
signals. 

construction 

Careful parts layout and the usual 
construction practices for assembling and 
wiring integrated circuits are a must for 

’Directly replaceable with the Motorola 
MC1709. Both devices are packaged in a 
TO-99 case.Editor. 


this filter. The ICs have high gain and 
wide bandwidth. Short leads and by¬ 
passing at 1C terminals will ensure against 
internal oscillation, which could destroy 
the devices. Overall shielding, as well as 
input-lead shielding, will keep transmitter 
rf out of the filter. The parts can be 
mounted on a small perforated board, 
which can then be installed in a Minibox 
or similar enclosure. 

operation 

After checking filter and power supply 
wiring, set the filter switch to OUT, insert 
the filter phone plug into your receiver 
oo phone jack, and connect your head- 

o phones to the filter output. Tune in a cw 

£ signal tone of your choice, then switch 
S the filter to IN and adjust the filter 
J tuning for maximum volume. Select a 

O 

™ tone within the filter tuning range. With 
practice this will be easy. 


E performance 

"ra Although the filter skirts are not the 
cc best I have seen, the unit performs 
■£ remarkably well. If your ssb transceiver 
o 


fig. 1. Filter response with a 
center frequency of 1000 Hz. 
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Cl, C2, -01 mF, matched to 5% or better 

C3, C4 

R1, R5 
R2, R6 


R3, R7 162k, matched to 2% or better 

R4, R8 2k ganged potentiometers (IRC no. 
PQ11-110 and Mil-110) 


43k, matched to 2% or better 
510 ohms, matched to 2% or better 
fig. 2. Schematic of the tunable audio filter. Circuit features selective audio tone for cw reception. 


has a fixed receiver bandwidth (approxi¬ 
mately 2.5 kHz) you'll be able to receive 
cw with considerable ease with this filter. 
The filter tuning control literally scans 
the receiver passband and picks out the 
wanted tone. Using the filter with my 
Swan 500C has made many enjoyable cw 
sessions possible. 

possibilities 

Because the filter can handle high-level 
signals, it's not restricted to headphone 
use. With some thought it could be used 
for speaker operation. 

For higher gain, a different audio 
range, or change in bandwidth, the com¬ 
ponent values can be adjusted in accord¬ 
ance with the following formulas: 


fig. 3. Transistor- 
battery power sup¬ 
ply that provides 
dual-polarity output 
for the filter. 



Ra = 


1 

2taGC 


Rb = 


7TaC 


Rc = 

2ttC (2f2/A) -aG 


where 

A = desired 3-dB bandwidth per stage 
G = nominal stage gain at center 
frequency* 

C = Cl, C2, C3, C4 
f = midrange frequency 
Ra = R1, R5 
Rb = R3, R7 
Rc = R2 + R4; R6 + R8 

•Total filter gain = gain product of stage 1 
and stage 2. references 

1. Leslie Robinson, "Active Bandpass Filler 
with Adjustable Center Frequency and Con¬ 
stant Bandwidth," EEE, February, 1968, p. 
124. 

2. John J. Schultz, W2EEY, "Using Integrated 
circuits with Single-Polarity Power Supplies," 
ham radio, September, 1969, p. 35. 
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Amateurs who have built and used very 
low power solid-state transmitters have 
marvelled at their ability to carry on solid 
contacts over normal propagation dis¬ 
tances, even on 80 and 40 meters. Most 
of these transistor transmitters, however, 
are designed around crystal-controlled os¬ 
cillators. The limitation of operating 
within the frequencies of one's supply of 
crystals is not relished by most amateurs 
accustomed to moving freely over the 
bands. In this age of the vfo, crystal 
control of operating frequency represents 
a step backward in amateur communica¬ 
tions practice. 

Having been bitten by the transistor 
transmitter bug but not wanting to be 
crystal bound, I began searching the 
literature for solid-state vfo construction 
articles. Fortunately there are a number 
of helpful articles on various transis¬ 
torized vfo circuits (see espicially refer¬ 
ence 1), and I will not discuss these 
circuits here. Unfortunately a dearth of 
construction articles exists for the ama¬ 
teur wanting to build a stable, easy-to- 
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construct solid-state vfo. Most amateurs 
do not have the time or technical know¬ 
ledge to design, work out the construc¬ 
tion details, and conduct the tests neces¬ 
sary to build such a unit. These road¬ 
blocks limit the interest of many ama¬ 
teurs in transistor cw work. This article 
will help to fill a gap in the literature and 
provide an interesting construction pro¬ 
ject. 

The vfo is easy to reproduce, produces 
a high-quality chirpless note when keyed, 
and is relatively inexpensive to build, 
even when all parts are purchased new. 

Two vfos were constructed, one for 80 
meters and one for 40. The 80-meter 
unit, however, can be used on 40 if a 
doubler stage is used in the transmitter. 
For those wishing to construct a 40-meter 
unit, appropriate oscillator component 
values are given. All other construction 
details are the same for both. In fact, the 
circuit can be used from 10 through 160 
meters with appropriate changes in values 
of the frequency-controlling components. 

The circuit is uncomplicated and easy 


Stable high-frequency vfo uses a double-bearing 
Millen variable capacitor. 


to follow (fig. 1). It uses a Vackar 
oscillator with a toroidal inductor, a 
buffer stage for isolating the oscillator 
and minimizing the oscillator load, and a 
second buffer for further isolation as well 
as impedance matching. Inexpensive jfets, 
MPF102s, are used in the oscillator and 
in the first buffer stage, and a bipolar 
transistor, an HEP 55, is used in the 
impedance-matching stage.' The HEP 55, 
operating in the common-collector con¬ 
figuration, matches the high impedance 
output of the MPF102 buffer to the 
low-impedance input of the transmitter. 

construction 

The vfo is constructed in a 3 x 4 x 
5-inch aluminum minibox. Rubber 
mounting feet on the minibox help re¬ 
duce mechanical shock and vibration. 
Also, a heavy aluminum plate is used to 
reinforce and strengthen the base of the 
minibox. The main tuning capacitor—a 
double bearing type—and the toroidal 
inductor are mounted on a 1% x 2%-inch 
platform of plexiglas or polystyrene sup¬ 
ported on spacers on the base of the 
minibox. This method of mounting the 
capacitor and coil minimizes vibration 
and increases stability. It is an improve¬ 
ment over the conventional practice of 
direct mounting on a heavy metal base. 
As someone has pointed out, heavy met¬ 
al, as in a bell, vibrates vigorously when 
even lightly tapped. This is not true of 
plexiglas or polystrene. The oscillator coil 
is wound on an Amidon T-50-2 toroid 
core and needs no shielding. It is mount¬ 
ed on a 1 x 1-inch piece of perforated 
board and is held firmly by coil dope and 
short leads soldered to lugs bolted to the 
board. The perforated board, in turn, is 
bolted to a small standoff insulator 
mounted on the plexiglas platform be- 

*The MPF102 is listed at 90 cents and HEP 55 
at $1.20 in the current Allied Radio Company 
catalog. 
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tween the main tuning capacitor and the 
front of the minibox. The other oscillator 
components are mounted on terminal 
strips along one side of the plexiglas 
platform. A 10-volt zener provides excel- 


Transistor sockets are used in prefer¬ 
ence to soldering the transistor leads into 
the circuit. This not only avoids possible 
damage to the transistors from the heat 
of the soldering iron, but also permits 


LI 



(80 meters) 48 turns no. 30 enamel¬ 
led on V 2 " toroid core (Amidon 
T-50-2) 

(40 meters) 25 turns no. 30 enamel¬ 
led on V 2 ” toroid core (Amidon 
T-50-2) 

33 pF N750 negative temperature 
coefficient ceramic 


C3 


(80 meters) Millen 23050MKF or 
19050 


(40 meters) Millen 19025 
RFC Millen J300-1000 

For 40-meter operation C4 and C6 should be 680 pF 


fig. 1. Schematic for solid-state vfo and buffer stages. 


lent voltage regulation for the oscillator. 

All components in each buffer stage 
are mounted on a single five-tie-point 
terminal strip, center terminal grounded. 
Each buffer stage is assembled as a unit 
before attaching to the chassis. Copper- 
clad circuit board is not recommended. 
Not only is it difficult and time- 
consuming to use, but jt offers no per¬ 
formance or constructional advantage 
over conventional terminal-strip wiring in 
this application. In fact, circuit boards 
frequently cause ground-loops and other 
problems. 2 


easy substitution of transistors if and 
when necessary. The latter feature paid 
off for me, as I found a weak transistor 
in the circuit when I first tested the vfo. 
In mounting each socket, two of its 
terminals are soldered to the appropriate 
tie points on the terminal strip. 

The need for temperature compensa¬ 
tion to reduce frequency drift of the 
oscillator is minimal so long as the vfo is 
kept away from heat-generating equip¬ 
ment. A 33 pF N750 negative-tempera¬ 
ture-coefficient capacitor is sufficient to 
take care of small temperature-induced 
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effects. 

Note that a subminiature iron-core 
choke is used to provide the load for the 
drain of the oscillator transistor. The 
choke replaces a resistor that was first 
tried. I could not get the circuit to 
oscillate on a 12-volt supply using the 
load resistor because of the voltage drop. 
The low value of the inductance (1 mH) 
of the choke not only provides low dc 
resistance but also the proper load imped¬ 
ance for the MPF102. 

For adjusting the main tuning capaci¬ 
tor, an inexpensive 2-inch Japanese-made 
vernier dial is used. This works very well. 
Band edge is adjusted by a 12 pF variable 
capacitor on the front panel; a slotted 
shaft for screwdriver adjustment is recom¬ 
mended, as this capacitor rarely needs 
attention. The bandspread over the main 
tuning dial is excellent. 

On the back of the minibox are the 
key jack, two phono jacks (one for rf 
output and one for battery or power 
supply leads) and an on-off switch for B+. 
To avoid damage to the transistors from 
reversed polarity, a semiconductor diode 
is inserted in series with the B+ lead 
between the B+ jack and the on-off 
switch. 

The value of capacitor C12 coupling 
the vfo to the transmitter will depend on 
the amount of drive required for the 
transmitter and the input impedance of 
the crystal oscillator stage, whose crystal 
the vfo now replaces. Although the 
schematic shows a 100 pF coupling ca¬ 
pacitor, the value might well vary from 
50 to 300 pF. 


checking and testing 

Before connecting the vfo to its power 
supply and before inserting the three 
transistors, use your vom to check for 
any possible short between the B+ line at 
the "on" side of the switch and the 
chassis. Still without inserting the transis¬ 
tors, connect the power supply to J1. 
Check with the vom for correct voltage 
between the "off" side of the switch and 
chassis. If the voltage is not correct, the 
diode is either inserted backwards or is 


defective. Next, insert an MPF102 in the 
oscillator-stage socket and connect a key 
to the key jack. Turn on the switch and, 
while keying, listen for the oscillator 
signal in your receiver. With vfo tuning 
dial set at 90 you should find the signal 
toward the low end of the cw portion of 
the 80-meter band; the exact spot will 
depend on the setting of C2. 

When you have ascertained that the 
oscillator stage is functioning normally, 
turn off the switch and insert the other 
two transistors in their sockets. Also 
connect a 0—500 ohm or a 0—1000 ohm 
potentiometer or variable resistor as a 
load to the output at J2. Turn on the 
switch and with the key depressed meas¬ 
ure the rectified output voltage, using a 


IN38 
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fig. 2. Test probe for checking output of vfo. 


probe such as that in fig. 2. The output 
should peak about IVz as the 
potentiometer is adjusted—probably 
around 400 ohms. One other voltage 
should also be checked: measure the 
regulated voltage at the zener; it should 
remain unchanged while keying. 

When these tests have been success¬ 
fully completed, you are ready to con¬ 
nect the vfo to the transmitter. 

connection to transmitter 

A short piece of coax or shielded wire 
can be used to connect the output of the 
vfo to the transmitter. The center of the 
coax is tied to the terminal of the crystal 
socket that is connected to the input of 
the oscillator (usually the base). Be cer¬ 
tain that this connection is made correct¬ 
ly! Do not connect the other crystal 
socket terminal to the chassis unless it is 
already connected that way. The braid of 
the coax, of course, is tied to chassis 
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ground. It is recommended that a phono The only other adjustment is to set the 
jack be installed in the transmitter for the low-band edge on the main tuning dial, 
connecting cable. This is done by turning the main tuning 



Parts layout for the stable solid-state vfo. 


You may have to change coupling 
capacitor C13 to obtain the required 
voltage at the input of your transmitter. 



"It’s your own fault! The man told 
you this kit separates the men from the boys!” 


dial to 100 (full capacity) and adjusting 
C2 while checking with the crystal in 
your receiver. 

The vfo is powered by a 12-volt 
lantern battery or eight D-type flashlight 
cells. Be sure to connect a 100-pF electro¬ 
lytic capacitor across the battery termi¬ 
nals. 

I’d be happy to hear from those who 
build and use this vfo. 
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how distortion creeps in 

"Whaaatsch at cherrr saoyynn naaiir, 
ohhhyemmm?" the speaker sputters. 
"Cauyynt unnderrrschtaunnnd moy 
kewwayysssaooh?" 

Heck no, you can't understand his 
QSO. He sounds like his mouth's full of 
spaghetti. What's happening is the speech 
amplifier in that fine new high-power 
transmitter has a gremlin. He's being 
bugged by distortion. 

When distortion hits you in your 
receiver audio amps, you at least have a 
sporting chance. You can hear it. But 
audio distortion in your transmitter is 
embarrassing. Everyone elso knows it 
before you do. (They do unless you're a 
lucky one who has a scope modulation 
monitor and watches it.) Whichever place 
it hits, the sooner you get at fixing it, the 
sooner you'll start enjoying your hobby 
again. 

the unlinear amp 

Today's speech amps and audio amps 
are mostly transistor. A good percentage 
of the faults that happen pop up sudden¬ 
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ly. You're working along and—bang, 
there's trouble. 

Not so, when the trouble is distortion. 
Garbled sound has a way of slipping up 
on you. At first the sounds you (or your 
buddies on the net) hear are only vaguely 
"not right." But they get steadily worse 
over the next few hours or days— 
sometimes over weeks or months. Then 
one day you wake up to how hard it is to 
understand anybody on your once-hot 
receiver. Or people ask you to repeat so 
often it's annoying. 

Preventive maintenance, particularly in 
the transmitter, may help some. If you're 
running ssb, it's awful easy to have 
distortion just from misadjustment. So 
it's a good idea to check out the speech 
amps whenever you feel the urge to make 
sure your signals are shipshape. 

The chief cause of audio (or speech, or 
voice, or sound, whichever you like to 
call it) distortion is an amplifier that has 
become nonlinear. A class-A amp should 
operate on the linear portion of the 
base-collector (or grid-plate) transfer 
characteristic (fig. 1). Let the bias shift, 
and operation moves onto one of the 
knees. The resulting distortion can be 
bad. See the sine-wave comparison in fig. 
2 . 

Some speech drivers operate outside 
class A. They may run with bias nearer 
cutoff, like a class AB-) (fig. 1). Major 
distortion is avoided there by carefully 
limiting the amplitude of input signal and 
by using transformer output coupling. A 
transformer helps restore the roundness 
of a sine waveform that has been flat- 



COLLECTOR CURRENT 



fig. 1. Base-collector transfer curve of a typical 
pnp transistor. Class-A operation is entirely 
linear. Class AB1 has bias nearer cutoff, but 
signal input is limited so it never actually 
reaches the cutoff or saturation portions of the 
curve. 


tened at the knee of an amplifier curve. 

the square test 

Your best instruments for distortion¬ 
chasing are the square-wave generator and 
oscilloscope. The units used for this 
article are illustrated in fig. 3. The genera¬ 
tor is a kit-type and inexpensive—plenty 
okay for ham testing. (You can use it, 
and the techniques I'm about to describe. 


fig. 2. A class-A amp distorts input waveforms 
if the bias shifts. Here, severe compression of 
the positive hatf-cycles (of the output) is caused 
by the curve’s knee. 



BASE-EMITTER BIAS (PNP) 


for hi-fi testing, too.) 

Why not a use sine wave, you wonder? 
The reason is simple. It's hard to spot 
slight distortion in a sine wave. In a bad 
case, yes, the twisting or flattening is 
visible. But you just can't see subtle 
alterations except by superimposing 
input-output waveforms with a dual-beam 
scope or an electronic switcher. And 
that's more expense and complication. 

So use a square wave. Feed a square 
wave into your receiver and transmitter 
voice stages and look at the waveforms 
you get with your own scope. Become 
familiar with them. 

If you have a Polaroid camera, take 
pictures of the scope patterns when the 
equipment is operating normally. (Do it 
in the dark, and use ASA-3000 Polaroid 
film.) On the back of each picture, mark 
the brand and model of the equipment, 
what test point the scope is connected to, 
and the normal amplitude of the wave¬ 
form. Keep the photos with the service 
manual and schematic. 

There are two nominal square-wave 
frequencies for testing a communications 
audio amp. Bandpass of the stages is 
limited, remember. Low frequencies sel¬ 
dom go below 100 Hz, and highs seldom 
much above 3000. 

A square wave stays square on the 
trailing edge if low frequencies are okay 
down to one-tenth of the fundamental 
frequency. Therefore, a 100-Hz waveform 
should stay square at the trailing (right- 
hand) corners if the stage it's going 
through has normal response down to 
100 Hz. The normal input waveform in 
fig. 4A takes on a tilt like fig. 4B if the 
bass response is limited more than it 
should be. 

On the other hand, the leading edge of 
the square wave tells about the high 
frequencies. The leading corner of the 
waveform stays square if frequencies are 
okay up to ten times the fundamental 
frequency. With a 3000-Hz upper limit in 
communications gear, a 1000-Hz square 
wave would show rounding at the leading 
edge—even in a normal amplifier. You can 
see this rounding in fig. 4C. 
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What you do is move the generator 
frequency to 300 Hz. The leading edge of 
the square wave is the one to watch. Just 
ignore the trailing edge, because it now 
tests down to 30 Hz-well below the 
amplifier's normal response. It'll be 
rounded. The waveform in fig. 4D shows 
the amplifier being tested is good to 3000 
Hz. The leading edge is square. 

distortion on the square 

A few unusual distortion waveforms 
are pictured in fig. 5. Two of them 


tack" to set the stage oscillating. Voice 
signals were plenty sharp enough. 

Bias distortion in an amplifier stage 
created the terrible waveform in fig. 5C. 
This one was a fooler. Tracing a square 
wave through the stages with a scope 
uncovered fairly quickly the driver that 
was distorting the signal. But the actual 
defect turned out to be a bad transistor in 
an earlier stage. Coupling was dc. The 
leaky transistor fouled up the bias on the 
driver, yet the scope showed the square 
wave going through the defective transis- 



fi9- 3. Scope and sine-square generator used to test the amplifiers for this article. Both are 
service*type instruments—not lab equipment. 


illustrate faults that cause distortion but 
are not necessarily from a nonlinear 
amplifier. In their cases, the amplifiers 
were self-oscillating. 

In fig. 5A you can see a parasitic 
oscillation modulated on the square wave. 
Also obvious, once you know to watch 
for it, is the rounding on the leading 
edges-the sign of poor high-frequency 
response. This speech-amp trouble was 
traced to a bad bypass capacitor. It was 
letting the stage oscillate and also over¬ 
load on below-normal signal levels. You 
should have heard the crazy sound this 
transmitter produced! 

The waveform in fig. 5B reflects an 
extreme case of self-oscillation. The 
square wave was triggering the oscillation, 
one burst for each cycle of square wave. 
Voice signals were unintelligible. Yet, a 
sine wave showed hardly any distortion. 
It took a waveshape with a sharp "at- 


tor okay. It just happened that bias for 
the driver was more critical than in the 
earlier stage. 

A bad capacitor created the severe 
overload waveform in fig. 5D. You could 
duplicate this waveform by simply feed¬ 
ing too much signal through any stage. 
But in this one the input signal was well 
below the natural overload level. The 
stage just couldn't handle much signal. A 
leaky coupling capacitor had drastically 
altered bias on the transistor. 

You'll see plenty of other distortions 
as you test squawky-sounding amplifiers 
with square waves. You don't always have 
to recognize the trouble from the wave¬ 
form, although practice will make you 
pretty good at doing that. What the 
generator and scope do is identify the 
stage where the distortion is. Then, you 
track the defect down by specific trouble¬ 
shooting within the faulty stage. 
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Of course, the end goal is to find the 
defective part. Once you've identified the 
stage that's bad, there aren’t usually 
many parts to test. But it's also generally 
quicker to be scientific about it, rather 
than haphazard. 

Using the typical speech amp in fig. 6 
as an example. I'll tell you the steps I go 



A. Normal, generator directly to scope 


N \ N 

f 


B. Tilted trailing edge, poor low response 
fig. 4. Square waves are informative for testing. 

through to find the bad part. It works no 
matter what the type of distortion, so 
just what the waveform looks like isn't 
that significant. 

First disconnect the mike. Connect the 
square-wave generator in its place. Turn 
the generator up high enough to simulate 
the mike input. The average crystal or 
ceramic mike puts a millivolt or two into 
a high-impedance input. 

If you want to be sure, connect the 
scope across the microphone input, with 


the mike in place. Say "ahhhh" into the 
mike at close range and notice the ampli¬ 
tude of scope trace. Then unplug the 
mike and substitute the generator. Turn 
up its output control until the scope 
display is the same height it was with the 
mike. The scope should show you a 
waveform like fig. 4A. 



C. Rounded leading edge, poor high response 


, \ *- 
j j j 


D. Normal, when 300-Hz square’ wave is used; 
amplifier doesn't go down to 30 Hz, hence 
downturncd trailing edge 

Then move the scope from test point 
to test point. Keep in mind what I 
already told you about the frequency 
response of the speech amps. The further 
along you get, the more rolloff you find 
above 3000 Hz. It's especially pro¬ 
nounced after Q2 (C8 bypasses a lot of 
highs). Check both ends of the response; 
use 1000 Hz for the low end and 300 Hz 
for the high end. If that sounds strange, 
reread the paragraphs that describe "the 
square test." 
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Make the tests in sequence. A bad 
waveform at A tells you R1 or Cl is in 
trouble. Trouble at B is most likely the 
fault of C2 or C3-or perhaps R2. How¬ 
ever, a defect in Q1 could reflect back. 
For example, a base-emitter short could 
load down the waveform at point B. 

A bad waveform at C points to Q1 or 



A. Parasitic oscillation 



B. Oscillation, amplifier blocked 


fig. 5. Waveforms that reveal distortion. 

C4. At D it could mean C5 or R5 is bad. 
Don't forget to try turning the shaft of 
R5, though, to make sure it's not just 
turned down. 

And so on. Each test point tells you 
about the components connected there 
and those between there and the test 
point just preceding. You narrow down 
the fault to just a few parts, which you 
can then test individually without much 
wasted time. 

Pay attention to the kinds of stages. 
You might be misled if you don't. Q1 and 
Q3 in fig. 6 are common-collector ampli¬ 
fiers (or emitter followers, if you prefer). 


They don't impart any voltage gain to the 
square-wave signal. However, Q2 does, 
and you should see a considerable in¬ 
crease in amplitude between points E 
and F. 

botched-up bias 

When you find trouble around a tran- 



C. Distortion makes sawtooth 


r r r 



z * 




D. Overload distortion 


sistor, don't just jump in and replace it. 
Measure the dc voltages first. Distortion, 
as you read earlier, is commonly the fault 
of wrong bias on a transistor. True, it 
may be due to transistor leakage, but it 
could just as likely be a bad resistor or a 
leaky capacitor. 

For example, suppose in a system like 
that diagramed in fig. 6 you touch your 
scope probe to point D and find the 
square wave still normal. At point E 
there’s a tiny change but not enough to 
worry you yet. But the waveform at F is 
lousy. The trouble seems isolated be¬ 
tween E and F. Is Q2 defective? That's 
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usually your first thought. 

If you have a transistor tester, great. 
Use it, and save yourself a lot of meas¬ 
uring and figuring. But you probably 
haven't, so you go ahead with voltage 
measurement. 

Collector voltage is wrong, but so is 
base voltage. Strangely, the base voltage 
changes as you turn modulation level 
control R5. That alone should tell you 
what's wrong. But maybe you don't 
happen to try turning R5. You check the 
two most likely parts: R6 and R7. Both 
measure okay with your ohmmeter. You 
disconnect the transistor, just in case the 
base is shorted to emitter or collector; 
normally there is hardly any base current 
to drag the base voltage down. 

When you disconnect C6 to test it, the 
base voltage goes back to normal. The 
capacitor is very leaky. You can test it 


the scope connected at the output (to¬ 
ward the balanced modulator). Just 
bridge each capacitor with a good one of 
the same value while you watch the 
square wave. If the waveshape changes, 
the one you bridged is open. Watch the 
corners, particularly at the leading edges. 
These bypasses affect high-frequency re¬ 
sponse. 

An emitter bypass like C7 has more 
effect on low frequencies. With the scope 
connected as just mentioned, bridge the 
capacitor with a known good one. If the 
trailing corner of the square wave alters 
much, replace the capacitor. It's probably 
open. If it were leaky, it would change 
the emitter voltage drastically. 

A sensible combination of bias check¬ 
ing and square-wave tracing should solve 
almost any distortion trouble for you. At 
least, it gets you so close to the root of 



fig. 6. Points for square-wave testing in a typical speech amplifier. Voltage or substitution tests find 
the defective part. 


with your ohmmeter, or by the "open 
end" test (disconnect the end nearest 
ground and measure for voltage leaking 
through from the base-bias circuit). The 
leakage didn't affect the waveform be¬ 
tween points D and E, but it sure did play 
heck with the bias on Q2. 

Watch out for bad bypass capacitors. 
They're hard to spot, especially if they're 
open. Capacitors like Cl, C3, C4, and C8 
show definite trouble when they short, or 
even if they get very leaky. The fault may 
be a little harder to spot if one of them is 
open. 

The best way to check them is with 


the trouble it leaves only a few parts to 
test. 

on the griddle 

For my next column I've cooked up 
some solutions to a problem that aggra¬ 
vates even experienced professional ser¬ 
vicers. Troubleshooting rf and i-f stages 
has peculiarities all its own. Yet, you'll be 
surprised how simply it can be done. All 
you need is a little advance knowledge of 
what to expect, and some hints for what 
tests to make. Both are in repair bench 
next time. 
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single band performance with 



SWAN 

BEAM 

FOR 10,15, 


EXCLUSIVE FEATURES: 

Swan Triband Beams feature a patented" trap design which permits precision factory adjustment. This 
results in maximum forward gain and fronttoback ratio from each and every Swan antenna. Their out¬ 
standing performance is comparable to single band antennas having the same number ot elements. 

The electrical principals employed in a trap type multi band antenna are quite simple. The "trap" is 
a parallel resonant circuit consisting ot a high Q inductance with a coaxial sleeve capacitor connected in 
parallel. At resonance the impedance across the trap is very high, and its effect is the same as inserting 
an insulator at that point. Thus, the electrical length of the antenna element can be altered by insertion 
of a parallel tuned trap. Each element in a Swan Triband Beam has two traps for 10 meters, and two 
traps for 15 meters (None are required for 20 meters since the elements are full length on this band). It 
is vitally important that the traps are tuned to exact frequency, or antenna performance will not be opti¬ 
mum Normal manufacturing tolerances in the coil and capacitor assembly create considerable variation 
in resonant frequency. Unless the trap has some means for precise adjustment, its resonant frequency 
will be pretty much a hit or miss affair. The exclusive precision tuned traps in Swan antennas' explain 
why they give consistently superior performance. 

2000 watts P E P power rating: All models of the Swan Triband Beams are rated at the full legal power 
limit. 

low SWR. Swan Triband Beams are designed for a near perfect match on each band with 52 ohm coaxial 
cable. Standing wave ratio will be down as low as 1.2 at band center, resulting in extremely low transmis¬ 
sion line loss. There are no gimmicks or gadgets in the feed system. It's very simple, and works very 
well. In fact, we offer no magic whatsoever in our antennas, except that they are designed to provide 
maximum performance on each band, and mechanically built to withstand severe weather conditions for 
a long long time. Ask any ham who owns one. The Swan antenna is an improved Hornet design, manu¬ 
factured formerly by Hornet Antenna Products. Compare the Swan Tribander feature for feature with other 
brands. Ask your dealer to open up the shipping carton and let you inspect the Swan antenna. We think 
you'll like what you see, and like its performance even more. 

•Patent No. 3064257 
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ELECTRON ICS 


305 Airport Road 
Oceanside. California 92054 
A Subsidiary of Cubic Corporation 


For better ideas 
in amateur radio. 














patented tuneable traps 

TRIBAND 
ANTENNAS 


AND 20 METERS 


4 ELEMENT MODEL TB-4H 

The Swan 4 Element Heavy Duty Triband Beam gives you 4 working elements on each band: 10, 15. and 
20 meters. A 24-foot boom permits optimum spacing lor maximum forward gain and front toback ratio 
All traps have been precision tuned and weather proofed. The Heavy Duty mechanical design of the TB- 
4H means that it will easily take winds up to 100 mph, and provide years of reliable service in any kind 
of climate from the arctic to the tropics. 

• Forward Gain: 9 db average • Power Rating: 2000 watts P E P. 

• Front-to-Back Ratio: 24-26 db • Weight: 64 lbs. 

• Wind Load at 80 mph: 148 lbs. Price: 5169 

3 ELEMENT MODEL TB 3H 

Same Heavy Duty design as the TB 4H, but with 3 elements on a 16-foot boom. 

• Forward Gain: 8 db Average • Weight: 44 lbs. 

• Front-to-Back Ratio: 20-22 db • Wind Load at 80 mph: 110 lbs. 

• Power Rating: 2000 watts P E P. Price: St 39 

3 ELEMENT MODEL TB 3 

Of somewhat lighter construction and shorter boom length, the TB-3 is adequate for many installations 
Wind survival rating is 80 mph compared to the 100 mph rating of the TB 3H. Its lighter weight permits 
easier erection, a lighter weight tower, and lighter duty rotator, all resulting in lower overall cost. The 
same precision tuned, weather proofed traps are used, so power rating and reliability are the same as in 
heavier duty models. Boom length is 14 feet. 

• Forward Gain: 7.5 db average. • Weight: 37 lbs 

• Front-to-Back Ratio: 18-20 db • Wind Load at 80 mph: 92 lbs. 

• Power Rating: 2000 watts P.E.P. Price: SI 19 


2 ELEMENT MODEL TB 2 

Same design as the TB-3 but with 2 elements on a 6V5 foot aluminum boom Weighing in at only 15 
pounds, this model can be a real surprise. An inexpensive telescoping mast and TV rotator will easily 
get it 60 feet or higher off the ground, and at that height it will out perform a 3 or 4 element beam at 
lesser height. If your choice is putting up a TB-4H at a 30 to 40 foot height, or this 2 element model at 
60 feet, by all means put up the TB-2. We won’t make as much money, but you'll put out a terrific signal, 
and maybe we'll sell more TB-2's. Of course, if you can put the 3 or 4 element model up 60 feet, or 
there's no argument, lust don’t under estimate the TB-2. It's a little bomb 
Forward Gain: 5 db Average. • Weight: 15 lbs. 

• Front-to-Back Ratio: 16-18 db • Wind Load at 80 mph: 

Power Rating: 2000 watts P E P 














six-meter 

converter 


A new approach 
to portable 
vhf converters 
using fets 
and a tunable 
local oscillator 
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Many converter circuits have appeared in 
print for those who wish to use an 
inexpensive transistor broadcast set in a 
solid-state receiver or transceiver. I've 
built a few of these converters, and in 
many cases they turned out to be a 
compromise between simplicity and per¬ 
formance. So I designed one that's simple 
but free of a few traditional flaws. The 
resulting circuit uses inexpensive fet's in 
rf and mixer stages and a Vackar tunable 
oscillator for frequency control (fig. 1). 
This approach represents an improvement 
over the new autodyne and crystal- 
controlled bipolar circuits. 

design 

The tunable-oscillator-type converter 
offers the best design approach, because 
the transistor radio can be used to maxi¬ 
mum advantage as a fixed-frequency i-f 
amplifier. By setting the be receiver to a 
frequency just above the broadcast band, 
1620 kHz, image rejection is held to the 
highest possible level over the six-meter 
band, and local broadcast-station feed¬ 
through is eliminated. Also the mixer 
output can be peaked with a high-Q 
circuit for higher gain. None of this is 
possible when the transistor radio has a 
tunable i-f. 

The most obvious drawback to this 
approach is the requirement for a stable, 
tunable oscillator in the 50-MHz region. 
To solve this problem I chose a solid-state 
Vackar oscillator circuit. The version in 
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this converter uses an easily obtainable weakest signals. The circuit is very simple 

toroid inductor,* and provides more sta- to build and adjust, since it tunes quite 

bility than any simple circuit I know of. broadly and is not prone to oscillation. If 

If good vfo construction practice and the more gain is required, the optional ampli- 

prescribed temperature compensation are fier shown in fig. 2 provides a hotter 



L3 


L4 9 turns no. 22 on T50-10 core (see 
text) 

L5 2 or 3 turns test probe wire (depending 
on oscillator output) on cold end of L4 

L6 20-50 jUH (Calectro D1-854) 

L7 20 turns no. 30 scramble-wound slight¬ 
ly above L6 on same form 


L8 5 or 6 turns no. 22 on cold end of be 
loop antenna, connected to L_7 with 
twisted hook-up wire 

L9 10 turns no. 24 tapped 3 turns from 

gnd on W slug-tuned form (Miller 
4500-4) 


fig. 1. Schematic of the fet six-meter converter. 


used, you'll have no trouble with instabil¬ 
ity. 

The rf and mixer have a low noise 
figure and a much wider dynamic range 
than is possible with bipolars. Similar 
circuits can be found in the more recent 
editions of the ARRL handbook. The 
grounded-gate rf stage, while not an 
extremely high-gain circuit, does provide 
sufficient gain for reception of all but the 
*A kit of two toroid forms and wire is available 
from Circuit Specialists Co., P. O. Box 3047, 
Scottsdale, Arizona 85251 for $1.25. Order: 
VFO-6. 


front end. More care must be used in 
layout and tuning procedure, because the 
alternate circuit tunes quite sharply and 
requires neutralization. The ARRL hand¬ 
book provides tuning procedures for 
grounded-source amplifiers, should you 
run into a problem. 

The double-tuned circuit between the 
rf and mixer is a worthwhile investment. 
It improves out-of-band signal rejection. 
The mixer is a standard grounded-source 
circuit, with oscillator injection via a 
grounded link. The output is tuned slight- 
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ly above the edge of the broadcast band 
and is fed to the transistor receiver loop 
antenna by a simple balanced line. 

construction 

Component arrangement is somewhat 
flexible, depending on the size of your 
circuit board and your needs. My board 
measures a scant 1% x 3% inches; even 
this is too small unless you enjoy building 
ships in bottles. 


generator should be used to tune the 
mixer, since the mixer pulls the oscillator 
frequency just enough to make signal- 
generator peaking a frustrating experi¬ 
ence. I used a regenerative receiver, 
placed across the room as a noise source. 

Once properly tuned, the unit's sensi¬ 
tivity should produce a noticeable in¬ 
crease in background noise when an 
antenna is connected. The signal-to-noise 
ratio may be optimized by tuning in a 


L9 0.55—0.80 mH 
(Millen 69054-0.68) 



fig. 2. Alternate 50-MHz rf amplifier provides more sensitivity than the grounded-gate stage used in 
fig. 1 but must be neutralized to avoid oscillation. 


A few considerations should be kept in 
mind when laying out and building the 
oscillator. I mentioned earlier that some 
form of temperature compensation is 
needed. This can be provided by using 
N750 capacitors for Cl and C2. Also, to 
prevent overcoupling between oscillator 
and mixer, the grounded link is made 
from rubber-insulated clip-lead wire. The 
insulation thickness allows fairly loose 
coupling, yet provides a snug support for 
the link. The coil assembly is then se¬ 
cured with epoxy cement. 

Finally, if you operate the transistor 
radio and converter from the same bat¬ 
tery, be sure to include the zener regula¬ 
tor. Otherwise, the varying load of the be 
radio's class B output stage will cause the 
oscillator to drift. 

adjustment and operation 

By listening on any good six-meter 
receiver, you can find the oscillator sig¬ 
nal. Then set the signal for the tuning 
range you wish. Mine tracks from 51.5 to 
52.7 MHz, which covers only the popu¬ 
lated low end of the band. A noise 


weak signal and adjusting the rf-input coil 
for the desired characteristic. With the 
grounded-gate amplifier, little difference 
between maximum gain and maximum 
s/n will be noticed; however, with the 
grounded-source circuit, the significant 
improvement can be achieved. 

performance 

The performance of my unit is more 
reminiscent of a modest communications 
receiver than of the shoestring conver- 
ter/bc set configuration. Sensitivity is 
excellent, and you may want to broaden 
the i-f response of the transistor radio if 
its selectivity seems too sharp for your 
operating needs. 

Although overall gain won't blow you 
out of the room, the low noise figure 
allows you to hear weak signals that 
would be buried in noise of a similar 
bipolar setup. The circuit is well worth 
considering if you're planning a portable 
rig or are tired of fighting the drift 
problems and low sensitivity of older 
designs. 

ham radio 
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improving the 

intelligibility 

of 

communications 


receivers 


The sound reproduction clarity of com¬ 
munications receivers can be improved 
significantly by simply improving the 
speaker enclosure. Common utility speak¬ 
ers are poor performers at best and can be 
improved (or impaired) by the baffles 
they are mounted in. Much of the acous¬ 
tic distortion is caused by either speaker 
resonance, cabinet resonance, cabinet re¬ 
flections, back waves or poor frequency 
response, and these can be easily cor¬ 
rected with a good enclosure. We have all 
become accustomed to the sound of a 
small speaker in a metal cabinet or the 
boomy sound of a large speaker in a box 
just big enough for it, but these systems 
leave a lot to be desired. 

Sound reproduction can be improved 
by using a small high-fidelity speaker or 
hi-fi headphones. The small hi-fi speakers 
I use on ssb and cw have resulted in a big 
improvement in communications effec¬ 
tiveness. 

how to do it 

Use a small round or oval speaker, 
5-inch or 5x3-inch, mounted in a wooden 
box made from %-inch pine or plywood. 
The box can be just big enough to 
contain the speaker with 2 or 3 inches of 
depth. Use 1/8- or 1/4-inch Masonite or 
plywood for the front panel. Cut the 
speaker opening out completely—don't 

Reprinted with permission from the “Collector 
and Emitter ," club publication of the Aero¬ 
nautical Center Amateur Radio Club, Okla¬ 
homa City. 
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drill a few small holes in a cute pattern 
and hope for the best. Cover the front 
panel with screen, an open grill with very 
small reflecting surfaces or plastic grill 
cloth designed for hi-fi speaker systems. 

Mount the speakers and grill so there is 
no vibration of loose parts. Then fasten 
thick sound-absorbent material such as 
felt or foam rubber on the inside surfaces 
of the box. When the speaker enclosure is 
completed, put it near the operating 
position, preferably with the center axis 
of the cone directed toward your head. If 
your receiver has an internal speaker it 
should be disconnected. 

how it works 

The thick wood of the enclosure re¬ 
duces cabinet vibrations, and the unre¬ 
stricted speaker opening practically elimi¬ 
nates reflections between the cone and 
grill. The absorbent material helps to 
damp speaker response and reduces re¬ 
flections between the inside walls, result¬ 
ing in smoother frequency response. The 
small speaker and small box reduce low- 
frequency response; boominess is reduced 
by the cancellation effect of the back- 
wave. 

With the speaker placed close to the 
operating position the volume control can 
be turned down. This reduces undesirable 
sound reflections from nearby objects 
and reduces distortion caused by any 
non-linearity in the speaker mechanism. 
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TEMPO M i H 


AN OLD FRIEND (HENRY RADIO) INTRODUCES A NEW NAME ... A NEW VALUE 
. . . A NEW TRANSCEIVER. THE TEMPO ONE 'SSB TRANSCEIVER REPRESENTS 
THE CULMINATING ACHIEVEMENT OF MANY YEARS OF EXPERIENCE IN THE 
AMATEUR RADIO FIELD. MODERN DESIGN, SUPERB PERFORMANCE, HIGH 
STYLING, STURDY CONSTRUCTION, OUTSTANDING RELIABILITY, EXCEPTIONAL 
VALUE - ALL THESE FACTORS COMBINED FOR THE FIRST TIME IN AN AMA¬ 
TEUR SSB TRANSCEIVER MAKE THE TEMPO ONE' THE OBVIOUS CHOICE IN TO¬ 
DAY’S AMATEUR MARKET. 

Five Band Coverage: 80 thru 10 meters • Power Input: 300 watts PEP • Selectable 
Upper and Lower Sideband • Built-in VOX • Built-in Calibrator • ALC • AGC • 
V 2 Microvolt Receive Sensitivity • Receiver Off-set Tuning • All the features you 
want at an unbelievably low price ... only $ 298.00 

AC/one. 110-220 volt 50/60 cycle power supply . $99 00 DC/one. 12 volt DC power supply . $107.00 

TED HENRY (W6UOU) BOB HENRY (W0ARA) WALT HENRY (W6ZN) 


Hm Radio 

^ ««IIF__* M' 


11240 W Olympic Blvd, Los Angeles. Calif 90064 213/477-6701 
931 N. Euclid, Anaheim, Calif. 92801 714/772 9200 

Butler, Missouri 64730 816/679-3127 


World's Largest Distributor of Amateur Radio Equipment" 
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quad-antenna 

design 

parameters 



The extensive use of parasitic antennas 
over the past thirty years or so has 
resulted in much published data. Design 
information is available that allows the 
amateur to easily construct two- or 
three-element monoband parasitic anten¬ 
nas with little or no experimenting or 
tuning, except perhaps for feed-point 
matching. 

The quad antenna, which is a special 
type of parasitic array, unfortunately has 
been neglected as far as detailed design 
information is concerned. However, when 
it is recognized that the quad exhibits the 
characteristics of conventional parasitic 
arrays except for differences in element 
length caused by the folded wire ele¬ 
ments, quad design is very similar to that 
of conventional parasitic arrays and is not 
particularly mysterious. 

This article presents a design approach 
that allows construction of a quad anten¬ 
na with no special element tuning or 
fussing with element lengths, tuning 
stubs, or loading coils. 

characteristics 

Before proceeding with details of the 
quad design approach, it is well to discuss 
some facts regarding the quad and dispel 
some misunderstandings. 

forward gain. Quad antenna gain has been 
underrated in some of the literature. If a 
quad loop is considered as one element, 
its gain can be shown to match or exceed 
that of a monoband Yagi on an element- 
for-element basis. 

front-to-back ratio. The quad really 
shines here. Its front-to-back ratio will 
exceed that of a Yagi with the same 
design criteria by up to 10 dB (based on 
element spacing, element length, and re¬ 
lated factors). 
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vertical radiation angle. The vertical radia¬ 
tion angle for any horizontally polarized 
antenna is a function of its height. There¬ 
fore, any half-wave dipole, Yagi, or quad 
will have the same vertical radiation angle 
if they are all at the same height above 
ground. The quad's performance as an 
excellent band opener and closer is due to 
its directivity characteristics, not to its 
vertical radiation angle. 

element interlacing. The minimal mechan¬ 
ical and electrical complications of ac¬ 
commodating three bands on one antenna 
structure with no apparent loss in effi¬ 
ciency is a definite advantage of the quad. 

bandwidth. The bandwidth of an antenna 
can be based on (a) the frequency range 
beyond which the feedpoint vswr exceeds 
a specified value, usually 1.7 to 1; (b) the 
bandwidth over which front-to-back ratio 
or gain does not drop below a certain 
value; or (c) the point at which either the 
director or reflector closely approaches 
resonance. Because the director and re¬ 
flector are electrically close to the 
driven-element length (much more so 
than with a tubing Yagi), the point at 
which the director or reflector ap¬ 
proaches resonance will govern the band¬ 
width of a quad designed for optimum 
performance. 

rain static. Compared with the Yagi, the 
quad is relatively immune to rain or snow 
static. 

cost. Prices of aluminum tubing in the 
United States are low compared with 
most countries. In addition, a large vari¬ 
ance exists in prices of aluminum bought 
from surplus sources versus those of new 
aluminum bought from metal suppliers. 
The price of a home-constructed Yagi 
therefore depends on how good a shop- 
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ping job is done. It is usually found that a 
well-built, home-constructed quad with 
fiberglass cross arms will cost more than a 
monoband Yagi. This is also true of 
purchased quads. However, quads will 
tolerate a lighter rotator and tower than a 
comparable Yagi because of the quad's 
lighter weight. Therefore, the quad is 
usually a less expensive total antenna 
system. 

A word of caution: aluminum cross 
arms are not satisfactory for a quad, since 
they degrade antenna performance and 
absolutely ruin front-to-back ratio. Break¬ 
ing up the aluminum cross arms with 
insulators helps, but this is difficult to 
implement. 


with two or three loops of safety wire to 
anchor the wire to the quad arm, as 
shown in fig. 1 .* Start with the element 
too long, with a slight droop and a 
temporary splice at the bottom. Note 
that quad parasitic elements not using 
stubs or loading coils are a continuous 
wire loop. The element length can be 
adjusted for resonance, maximum gain, or 
front-to-back ratio. Once the proper 
length is obtained, the loop splice can be 
permanently soldered, coated with sili¬ 
cone grease, and the loop run outboard 
(but equally spaced) to tighten the loop 
into a perfect square. Another method is 
to drill a hole in the arm several inches 
outboard from where the element would 


fig. 1. Two methods of 
securing quad elements 
to cross arms. 




stubs and loading coils 

Since the quad is a closed loop, adjust¬ 
ment of element lengths is difficult. 
Adjustment of element lengths is usually 
done with tuning stubs or loading coils. 
Stubs are unsightly, and the problem 
always arises of how to anchor them so 
they don't move in a wind. Both stubs 
and loading coils destroy the electrical 
symmetry of a quad loop. All in all, stubs 
and loading coils are best avoided. 

Alternatives are to (a) use element 
lengths established by criteria such as 
those in the following paragraphs and not 
attempt to tune the quad elements, or (b) 
select the optimum element-loop length 
on a trial basis. 

element length adjustment 

There are two ways to adjust element- 
loop length. Instead of drilling holes in 
the bamboo or fiberglass arms, small 
nylon or metal cable clamps can be used. 


normally be anchored. Then use a wire 
loop to hold the quad loop in place. Slack 
in the quad loop created by element 
adjustment can be accommodated by the 
small loop. 

boom length 

Factors that govern boom length for a 
Yagi apply also to a quad. Most quads are 
built with a boom too short to realize 
maximum performance on 20 meters, 
which is a highly competitive band. To 
achieve a good balance between practic¬ 
ality and performance, a 20-meter quad 
should have a boom length as follows: 

Two-elements 10 feet 

Three-elements 18 to 20 feet 

Four-elements 24 feet 

As with a Yagi, placing more than one 

•The safety wire should be copper to avoid 
galvanic action, which results in corrosion, 
editor 
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table 1. Element dimensions for a quad with a 14-foot boom. 



20 meters 

15 meters 

10 meters 

reflector 

2.8% long 

(1.028)(70.7) = 72.68 ft 

2.1% long 

(1.021)(47.25)= 48.24 ft 

2.1% long 

(1.021)(35.1)= 35.84 ft 

driven element 2 ~ 70-7 

l^ 5 = 4 ,2Sft 

2°M = 35.10 ft 

28.6 

director 

1.4% short 

(.986)(70.7) = 89.71 ft 

1.2% short 

(.988)(47.25)= 46.68 ft 

2.1% short 

(.979)(35.1 ) = 34.36 ft 


director on a 20-foot boom just doesn't 
give a satisfactory return for the effort on 
20 meters. Definite advantages can be 
obtained with quads that have more 
elements on 10 and 15 than on 20. For 
example, an effective quad is one with a 
20-foot boom having three elements on 
20 and four on 10 and 15 meters. 

boomless quads 

Three-band, two-element quads using 
no boom and the same element spacing 
on 20, 15 and 10 meters have only one 
real advantage over conventional quads: 
all can have the same feed-point imped¬ 
ance. A conventional quad has its widest 
element spacing on 10 meters, which 
helps to broadband the antenna on this 
band. 

design graph 

I developed the graph shown in fig. 2 
expressly for high-frequency quad arrays. 
Using the graph and the approach shown 
in the following design example, a quad 
can be built with no stubs, loading coils, 
or tuning. For those who wish to avoid 
the math involved in the design example, 
table 1 was developed from fig. 2 for 
popular quads that can be purchased or 
homebuilt. 

Design graphs similar to that in fig. 2 
have been published for Yagis. Because of 
its wire elements and the fact that the 
loop is, in effect, two half-wave dipoles 
folded at the ends and stacked a quarter 
wavelength, the quad has characteristics 
that make its element dimensions much 
different from those of a tubing Yagi 
array. These factors, plus others, were 
considered in the analysis used to develop 


fig. 2, which expressly applies to a quad 
designed for 20, 15, and 10 meters. 

design example 

As an example of using fig. 2, suppose 
it is desired to design a three-element 
quad for 20, 15, and 10 meters on a 
14-foot boom with 6-foot director spac¬ 
ing and 8-foot reflector spacing. The 
desired center frequencies are 14.2, 
21.25, and 28.6 MHz. Proceed as follows: 

1. Establish percentages for the de¬ 
sired band excursion within which the 
antenna must be effective. To cover 20 
meters, the excursion from 14.2 to 
14,0 MHz is 200/14.2 = 1.41 percent, 
and the excursion from 14.2 to 14.35 
MHz is 150/14.2 = 1.056 percent. For 
15 meters, the excursion is 1.175 
percent to reach 21.45 MHz, with a 
21.25-MHz center frequency. 

Ten meters represents a problem 
requiring a compromise. To cover the 
entire band, the excursion is 2.1 per¬ 
cent to reach 28.0 MHz and 3.84 
percent to reach 29.7 MHz. The para¬ 
sitic elements must be so far from 
optimum to avoid resonance that per¬ 
formance is severely compromised. A 
good alternative is to settle for ±2.1 
percent, or 28.0 to 29.12 MHz. The 
phone man may elect to choose 29.1 
MHz as center frequency for 10 me¬ 
ters. 

2. Establish element spacings in wave¬ 
lengths for each band using the for¬ 
mula: 

Element spacing is X = xf/984, 
where x is the element spacing in feet 
and f is the design-center frequency in 
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MHz. Using the formula, element 


spacirrgs 

are: 


band 

director 

reflector 


(6 ft) 

(8 ft) 

20 meters 

0.086 

0.115 

15 meters 

0.13 

0.172 

10 meters 

0.175 

0.234 


3. Identify element spacing (fig. 2). 

4. Select parasitic-element length as a 
percentage of driven-element length, 
bearing in mind the reactance excur¬ 
sion of the element across the band. 
Note that a reflector spaced 0.1 wave¬ 
length from the driven element should 
be 2.8 percent longer than the driven 
element. A director spaced 0.15 wave¬ 
length from the driven element should 
be 1.4 percent shorter than the driven 
element. Shown in fig. 2 are the 
choices I made using this technique 
(circled values). 

It's not always possible to choose 
optimum element lengths at the design 
center frequency and avoid parasitic- 
element resonance at the band edges. 
In this regard, it's sometimes better to 
provide wider spacing for the director 
than for the reflector. 

5. Calculate element dimensions. The 
driven element length equals 1004/f in 
MHz. This is 70.7 feet for 20, 47.25 
feet for 15, and 35.1 feet for 10 
meters. The reflector for 20 meters 
should be 2,8 percent longer than the 
driven element, or (1.028) (70.7) = 
72.6 feet. The reflector for 15 meters 
should be 2.1 percent longer than the 
driven element, or (1.021) (47.25) = 
48.24 feet. Calculation of each element 
results in the data listed in table 1. 

When the element lengths are estab¬ 
lished using the above approach or by 
direct use of table 1 , all that remains is to 
construct the array and decide on the 
feed method. The data in table 1 are 
applicable to a two-element quad with 
8-foot reflector spacing by simply ig¬ 
noring the director data. The data are 


applicable to a four-element quad on a 
20-foot boom. Make the first and second 
directors the same length. 

tuning 

The above design approach should not 
be considered an absolute cure-all that 
eliminates benefits from tuning the array. 



ELEMENT SPACING (WAVELENGTH) 


fig. 2. Optimum director and reflector 
lengths as a percentage of driven-element 
length as a function of element spacing. 


However, few have the talent, equipment, 
facilities, or perhaps patience to properly 
tune an array, particularly one with three 
or more elements. For these amateurs, 
the "no tuning approach" will be most 
useful, and those who wish to tune by 
experimenting with loop length will find 
that this article defines an excellent start¬ 
ing point. If you wish to tune the quad, 
using the preceding design data as a 
starting point, some comments are in 
order. 
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The curves in fig. 3 are recommended 
element dimensions. At design center 
frequency, maximum gain will usually be 
found with a dimension closer to the 
driven element length than that shown in 
fig. 3. Correspondingly, maximum front- 
to-back ratio will usually be found with a 
dimension shorter for a director and 
longer for the reflector than shown in fig. 
3. The design must be compromised to 
achieve best overall performance consis- 



ELEMENT SPACING (WAVELENGTH) 

fig. 3. Plot showing the use of fig. 2 in 
establishing quad element lengths for the 
design example discussed in the text. 


tent with gain, front-to-back ratio, and 
bandwidth. 

Tuning for maximum gain at the de¬ 
sign center frequency will usually cause 
narrowband response. If the array is 
tuned for maximum forward gain, check 
the response at the band edges to get the 
best overall gain across the band. As an 
example of how dangerous forward-gain 
tuning can be, a director spaced 0.1 
wavelength from the driven element will 
theoretically give maximum gain when it 


tabie 2. 

Typical quad antenna feed 

methods. 

antenna 

quarter-wave 

main 


matching transformer 

feedline 

2-element quad 


10 

none {direct feed) 

RG-63/U 

10 

two pieces RG-63/U 



in parallel (electrical 

RG-B/U 


length V* X ea) 

RG-58/U 

15 

none (direct feed) 

RG-59/U 
RG-1 1/U 
RG-62/U 

15 

one piece RG-11/U or 

RG-8/U 


RG-59/U (electrical length 

V4 \) 

RG-58/U 

20 

none (direct feed) 

RG-8/U 

RG-58/U 

3-element quad 


10 

none (direct feed) 

RG-11/U 
RG-59/U 

15 

none (direct feed) 

RG-1 1/U 
RG-59/U 
RG-8/U 
RG-58/U 

20 

none (direct feed) 

RG-8/U 

RG-58/U 

4-element quad 


10 



15 

none (direct feed) 

RG-8/U 

20 


RG-58/U 


is the same length as the driven element, 
and a reflector spaced 0.25 wavelength 
from the driven element will theoretically 
give maximum gain when it is the same 
length as the driven element! Such con¬ 
ditions are obviously bad, because a small 
frequency excursion can convert the di¬ 
rector to a reflector, or vice versa. If you 
tune for forward gain, try for good 
response across the whole band, or at 
least over the band segment of interest. 

Tuning for front-to-back ratio is safer 
and usually much more effective. Such 
tuning is, however, very touchy. Because 
of nearby objects it can be frustrating and 
sometimes leads to inconsistent results. 

Don't attempt to tune an array unless 
the services of a nearby amateur are 
available, or you can locate a temporary 
transmitter site several wavelengths and 
preferably at least a mile from the array. 
Use the nearby amateur or your remote 
site for transmitting, and use a receiver 
with an s-meter or field-strength meter at 
the site of the array being tuned. 
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feed-point matching 

Several techniques for feeding the 
quad can be used. I prefer the gamma 
match with separate feed lines, but any of 
the following methods are effective. 

The simplest method is to connect all 
three driven elements together, using a 
single insulator across the 15-meter driven 
element. The system can be fed with a 
single 52-ohm line. This is an effective 
feed method despite published statements 
to the contrary. Measurements with an 
impedance bridge have shown a good 
match on all three bands. 

A second approach is to use one of the 
methods in table 2. These are also effec¬ 
tive, as proved by countless users. Some 
mismatch will occur, however. 

the gamma match 

The preferred matching system for 
quad antennas is the gamma match. It's 
simple, easy to use, and reliable. Refer¬ 
ring to fig. 4, the gamma match is 
implemented and tuned as follows: 

1. The coax cable shield connects to 
the exact center of the driven element. 
No center insulator is used. 

2. Capacitor C is housed in a plastic 
box. A drain hole should be drilled in 
the bottom. The box should be sealed 
with cement. It can be secured to the 
driven element with a clamp. 

3. The matching stub is made of the 
same wire as the quad element, usually 
no. 14 copper wire. Spacers can be 
pieces of polystyrene or any good 
plastic rod. 

4. The values of capacitor C and 
dimension A are as follows: 


(fig. 4B). Adjust dimension A and vary 
capacitor C for minimum standing- 
wave ratio. 

conclusion 

In the final analysis, antenna selection 
should be based on many factors, includ¬ 
ing the antenna's adaptability to your 
location and operating habits. There is no 
"miracle antenna." The size of a well- 
designed antenna is a good guage of its 
expected performance. In general, if you 



fig. 4. The gamma match, and typi¬ 
cal instrumentation fortuning. 


desire to operate on 20, 15, and 10 
meters with high performance on all three 
bands, the quad definitely qualifies as a 
front runner. If, however, you wish to 
operate exclusively on one band, the 
monoband Yagi is probably first choice. 
Trap-element Yagis are in a class by 
themselves, and although they certainly 
have their place, their efficiency isn't as 
high as the quad or monoband Yagi. 


band 

capacitor C 

dimension A 


(pF) 

(inches) 

10 

50 

12 +6 

15 

100 

15 ±8 

20 

140 

25 ±10 

5. Tune 

as follows: 

connect a Moni- 


match or similar instrument, driven by 
your exciter, to the antenna feed point 
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Important EsE Amateur Books from SAMS 



the 
bestselling 
Amateur 
book 


New 18th Edition of the famous E & E 

RADIO HANDBOOK 

by WILLIAM I. ORR, W6SAI 
Completely updated edition of the famous com¬ 
munications handbook which is the electronics 
industry standard for engineers, technicians 
and advanced amateurs. Explains in authorita¬ 
tive detail how to design and build all types of 
radiocommunications equipment. Includes SSB 
design and equipment, RTTY circuits, latest 
semiconductor circuits and IC’s, as well as 
special-purpose and computer circuitry. 896 
pages; hardbound. Order 24020, only $13.50 


latest E & E title 


T 


The Radio Amateur's 
F-M Repeater Handbook 

by KEN SESSIONS. JR.. K6MVH 

This is the definitive work 
on the momentous and 
challenging subject of 
amateur f-m repeaters, a 
vital new development 
i which has been virtually 

undocumented. Chapters 
include: Preparing and Obtaining Sites for 
Repeaters; How to Build a Repeater; Re¬ 
peater Applications. Includes an F-M Re¬ 
peater Directory. There is no other com¬ 
parable book available. 228 pages; hard- 


Single Sideband: 

Theory and Practice 

by HARRY D. HOOTON. W6TYH 
This one-source guide em¬ 
phasizes basic principles and 
circuitry of ssb. ('overs the 
origin of ssb. the derivation 
of ssb signals, carrier-sup¬ 
pression techniques, side¬ 
band selection, and a com¬ 
plete analysis of all types of 
ssb equipment. Order 24014, only 



$6.95 


73 Dipole and 
Long-Wire Antennas 


bound. Order 24008, only 

73 Vertical, Beam, and 
Triangle Antennas 

by EDWARD M. NOLL, W3FOJ 
Describes the design and 
construction of 73 different 
antennas used by amateurs. 

Each design is the result of 
the author’s own experi¬ 
ments with various antenna 
configurations; each has actually 
been built and air-tested by the 
author. Includes appendices cover¬ 
ing the construction of noise bridges 
and antenna line tuners, as well as 
methods for measuring resonant fre¬ 
quency, velocity factor, and stand¬ 
ing-wave ratios. 160 pages. 

Order 24021, only $4.95 


Order from your electronic parts 
distributor or send coupon at right. 


$6.95 






by EDWARD M. NOLL. W3FQJ 
This is the first compendium 
of virtually every type of 
wire antenna used by ama¬ 
teurs. Includes dimensions, 
configurations, and detailed 
construction data for 73 dif¬ 
ferent antenna types. Ap¬ 
pendices describe the con¬ 
struction of noise bridges, 
line tuners, and data on measuring resonant 
frequency, velocity factor, and SWR. 160 
pages. Order 24006, only. $4.50 


EDITORS and ENGINEERS 


Howard W. Sams & Co., Inc. Dept. HR-080 
4300 W. 62nd St., Indianapolis, Ind. 46268 
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MXX-1 Transistor 
RF Mixer $3.50 

A single tuned circuit 
intended lor signal 
conversion ih the 3 to 
170 MHz range. Har¬ 
monics ol the OX 
oscillator are used lor 
injection in the 60 to 
170 MHz range. 

Lo Kit 3 to 20 MHz 
Hi Kit 20 to 170 MHz 
(Specify when ordering) 


PAX-1 Transistor RF 
Power Amplilier $3.75 

A single tuned output 
amplilier designed to 
lollow the OX oscilla¬ 
tor. Outputs up to 200 
mw, depending on the 
Irequency and volt¬ 
age. Amplilier can be 
amplitude modulated. 
Frequency 3,000 to 
30,000 KHz. 


BAX-1 Broadband 
Amplilier $3.75 

General purpose unit 
which may be used as 
a tuned or untuned 
amplilier in RF and 
audio applications 20 
Hz to 150 MHz. Pro¬ 
vides 6 to 30 db gain. 
Ideal tor SWL, Experi¬ 
menter or Amateur. 


SAX-1 Transistor 
RF Amplifier $3.50 

A small signal ampli¬ 
lier to drive MXX-1 
mixer. Single tuned 
input and link output. 
Lo Kit 3 to 20 MHz 


Hi Kit 20 to 170 MHz 

(Specify when ordering) 


For The Experimenter! 

International EX Crystal & EX Kits 

OSCILLATOR / RF MIXER / RF AMPLIFIER / POWER AMPLIFIER 



o OX Oscillator 

Crystal Controlled transistor type. Lo Kit 
3,000 to 19.999 KHz a 

Hi Kit 20,000 to 60,000 KHz 
(Specify when drdering) 


$295 


Type EX Crystal 

Available Irom 3.000 to 60.000 KHz. Sup¬ 
plied only in HC 6/U holder Calibration is 
i.02% when operated in 
International OX circuit or its 
equivalent. (Specify Irequency) ^ 


Write for complete catalog 


INTERNATIONAL 

T 


CRYSTAL MFO. CO., INC. 

10 NO LEE • OKLA CITY OKLA 73102 
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modular modulos 



Mother 
and daughter 
printed-circuit 
boards are used 
to increase 
1C counter-circuit 
versatility 
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The many articles on integrated circuits 
published during the past few years have 
helped these little plastic bugs gain wide 
acceptance by those who like to build 
their own equipment. The construction 
projects that didn't specify printed circuit 
boards usually turned out to be quite 
difficult because of the wiring required 
on the closely spaced pins of the ICs. 1C 
sockets are really no help except when 
frequent replacement is necessary; be¬ 
sides, they're an added expense. 

Let's face it—the PC board route is the 
only way to go when working with ICs. 
They are designed for PC board mount¬ 
ing, and any other mounting method just 
doesn't result in a neat, professional 
appearance. Of course, 1C projects have 
been published specifying PC board con¬ 
struction. The only trouble here is that 
the circuits are restricted to the function 
for which they were originally designed. 

modular modulos 

With these limitations in mind, I'd like 
to present what I call "modular mod¬ 
ulos." The word "modular" is familiar to 
most readers, but "modulo" may not be, 
so a word of explanation is in order. 

A modulo, or mod, is a circuit that 
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0B7 DB8 

fig. 1. Modulo circuits. Each circuit mounts on a daughter board, ten of which can be mounted on a 
mother board for a mix of counter functions. DB corresponds to “divide by;” the DB-3 circuit 
divides by 3. 


counts; or as some prefer, divides. A mod 
is designated by how many counts occur 
before an output is produced. A mod 7, 
for example, will count to 6 and the 
output will remain unchanged. When the 
7th input occurs, the output will change 
to indicate that the count is complete. 

The resistor-transistor logic (RTL) ICs 
used here are edge-triggered by a sharp 
negative transition from logical 1 (ap¬ 
proximately Vcc) to logical 0 (approxi¬ 
mately ground). During a count cycle the 
modulo output will go from logical 0 (its 
reset condition) to logical 1. 

The part of the count at which this 
action occurs will vary between modulos; 
that is, mod 5 will go high at some point in 


the count different from, say, mod 10. The 
transition from 0 to 1 will have no effect 
on following counters. However, when 
the count is complete and the output 
goes from 1 to 0, the following counter 
will be triggered. 

This output on a scope will appear as a 
train of square waves. If an accurate 
frequency source were connected to a 
number of modulos wired in tandem, a 
division of this frequency will give accu¬ 
rate submultiples from which time pulses 
can be obtained. These can be used to 
calibrate receivers, oscilloscope time 
bases, etc. The modulos described here 
were used for this purpose in the frequen¬ 
cy and time standard shown in the photo. 
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The transistorized oscillator used in the 
standard is extremely stable. It should be 
remembered that no matter how many 
frequency divisions are made, the output 
is only as accurate as the input. 

These modulos can also be used as a 
basis for a TV synch generator count¬ 
down chain (ATV'ers please note), or to 
obtain the gating pulses in a frequency 
counter. By dividing the 60-Hz power-line 
frequency by 60, 1-Hz pulses can be 
obtained for an electronic clock. Other 
uses will undoubtedly come to mind for 
these versatile circuits. 

construction 

Each circuit (fig. 1) is mounted on a 
small PC board. These boards, called 
daughter boards, mount on a mother 
board (fig. 2) by Varicon connectors 


— I 56k 

-r«n- 


PRCl 


IOO -E3S- -QD- 

i -£SD--ta>- 

0 (H I I I 


ST 1 




G2 





1 1 -Hal- 


HA 1 


^JlJMPFHS *H()K» OlTAuTS 

i . _r 

MB IP 



DB- 


MB 1 


fig. 2. Top of PC boards showing parts layout. 
Dashed jumper on DB board is required only 
for DB7 and DB9 circuits. 
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fig- 3. Etched side of mother and daughter boards. 
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table 1. Loading factors for integrated circuits 
used in the counters and associated circuits. 


board 

in 

out 

clear 

IC1 

IC2 

DB-2 

2 

S 

1 

MC726P 

— 

DB-3 

4 

4 

2 

MC791P 

— 

DB 4 

2 

S 

2 

MC791P 

— 

DB-5 

4 

4 

3 

MC791P 

MC791P 

OB-6 

6 

5 

3 

MC726P 

MC790P 

DB-7 

4 

S 

3 

MC790P 

MC726P 

DB 8 

2 

5 

3 

MC726P 

MC790P 

DB-9 

4 

5 

4 

MC791P 

MC790P 

DB-1 0 

2 

S 

4 

MC 79 1 P 

MC790P 

ST-1 

- 

5 

- 

MC724P 

— 

PRC-1 

- 

25 

- 

MC799P 

— 

NIB-1 

2 

25 

- 

MC799P 

— 


connectors first using the plastic strip to 
hold the connectors in alignment until 
soldered in place. After soldering, the 
plastic can be broken away. 

The mother boards are shown in two 
styles, and both will hold up to ten 


Mother board can be cut to shorter 
length if ten daughter boards aren't 
needed. Shown below is the pre-clear 
(left) and harmonic amplifier mod¬ 
ules. 


made by Elco. The daughter board con¬ 
nector is no. 02-030-013-5200 and mates 
to the mother board with connector no. 
02-030-113-6200. Thirty connectors are 
mounted on a plastic strip. They should 
be broken into segments of five connec¬ 
tors each. The PC etched board layout is 
shown in fig. 3; however, if it isn't 
convenient to etch your own boards, they 
may be purchased.* In any event, the use 
of a small-tipped, twenty-five-watt iron is 
recommended. It's best to mount the 



The two styles of mother boards. The 
plug-in type is used in the frequency 
and time standard. The other (below) 
can be mounted on a small chassis 
with outputs brought out to banana 
jacks. 



daughter boards. One mother board can 
be mounted on a chassis with stand-off 
insulators over a cutout. The other plugs 
into a socket, such as an Amphenol 
143-022-01. This socket, as well as the 
Elco Varicons, can be purchased from 
Allied Radio in Chicago. 

The output side of the daughter 
boards feeds the input to the next stage. 
The output connectors appear on a sepa¬ 
rate pad on the board as well. Leads can 
be connected to these points to give 
different ratios of division throughout the 
chain if desired. The plug-in-style mother 
board must have these points jumpered so 
they appear at th» main connector. See 

'Available from RMV Electronics, P. O. Box 
283, Wood Dale, III. 60191. Daughter boards 
are $1.25 each postpaid in quantities of 1 to 5; 
$1.10 each in quantities of 6 and up. Mother 
boards are $2.00 each postpaid. All boards are 
tinned, drilled, and ready for components. 
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fig. 2 for the location of these jumpers. 

rules for use 

The most important thing to observe is 
the loading factor, table 1. Do not let the 
input loading factor exceed the output 
loading factor (fan out) of the preceding 
stage. A higher output loading factor than 
is needed is permissible. If the required 
input is greater than that available, use a 
buffer stage (NIB 1). Since the flip-flops 
are edge-triggered by a sharp drop from 
logical 1 to logical 0, frequencies below 
approximately 100 kHz must be squared- 
up with a Schmitt trigger (ST 1). This 
circuit can be used to the subaudible 
range: 7 Hz or less. If a high-harmonic 
output is desired (as in a frequency 
standard) the harmonic amplifier (HA 1) 
is recommended. 

It is desirable to clear all stages before 
starting to count. This is done by first 
applying Vcc (3.6V) to the pre-clear line 



Frequency and time stand¬ 
ard using modular mod- 
ulos. 


and then grounding this line when count¬ 
ing. This can be done manually or by the 
PRC 1 board, which will pre-clear the 
stages automatically as power is applied 
to the mother board. The voltage re¬ 
quired by these circuits is 3.6 volts dc. A 
well-regulated and filter supply will pro¬ 
vide the best service. 
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TRI-EX’S 

MW 

SERIES 


Pound for pound the 
strongest self-supporting 
steel towers available. 

The new economy MW 
Series towers are designed 
to support up to 9Vi sq. ft. 
of antenna area. Featuring 
Tri-Ex's extra strong tor¬ 
sional twist resistant "W" 
bracing, the all steel MW 
crank-up towers come in 
three sizes, each fully gal¬ 
vanized for carefree main¬ 
tenance. Models available, 
by height, are: MW-35', MW- 
50', and MW-65'. Nested 
height is between 21' and 
22'. Hinged base and wall 
bracket included with MW 
tower order! See your local 
dealer or write for free cata¬ 
log today. Prices start as 
low as: 

$157.35 


x TOWER CORPORATION 

SMUSSEN AVE.. VISALIA. CALIF. 93277 
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perking up your HW-17A 

The Heath HW-17A certainly can qualify 
as one of the more popular 2-meter 
transceivers, judging from the many in 
use on this band. However, as with most 
equipment of this type, it's always pos¬ 
sible to improve on the original design as 
new devices become available after the 
fact. 

The broadband preamplifier described 
in this article will improve sensitivity, 
increase rejection of fm and tv images, 
and provide better age action in the 
HW-17A. Improvement in age is not to be 
passed Over Lightly, because it makes the 
S-meter much more useful and compen¬ 
sates for some of the loss in the auto¬ 
matic noise limiter circuit. An additional 
feature of the preamp modification is 
that no new holes need be drilled to 
accommodate the circuit. 

Also included are changes to improve 
transmitter modulation and increase mod¬ 
ulator bass response. 

preamp circuit 

Nothing exotic or unproven is in¬ 
cluded in the preamplifier circuit (fig. 1). 
This circuit (with a 3N140 mosfet! was 
used by many 2-meter enthusiasts in a 


converter described in an earlier issue of 
ham radio . 1 Although not shown in the 
schematic, the 40673 has internal protec¬ 
tion for the gates. This eliminates the 
need for external diodes, which are found 
in many semiconductor front-end circuits 
to eliminate static burnout. 

preamp construction 

A physical layout compatible with the 
HW-17A is shown in fig. 3. A thin copper 
U bracket chassis bolts to PC board 
85-205 in the HW-17A with a single 
machine screw, which is also used to 
secure the tuner to this board. All resis¬ 
tors are mounted on the opposite side of 
the bracket. Feedthrough capacitors are 
used for bypassing. 

modulation improvements 

Not all HW-17A transceivers are fully 
modulated, despite several circuit modifi¬ 
cations incorporated by the manufac¬ 
turer. One change was very helpful in 
my case, although it did decrease my 
power output slightly. By increasing the 
value of the screen resistor in the final 
amplifier, input power is decreased, 
which allows higher modulation percent¬ 
age and improved upward modulation. 
The exact value of the resistor is best 
determined by observing the signal on an 
oscilloscope. My experience indicated 


EXISTING 

emenrm 

FROM TR SWTOHjJ 


W K 


RCA 40673 




■O TO ANTENNA 
TERMINAL 
ON TUNER 


360 

AAA —0 + I5V 
«23B+> 


fig. 1. Low-noise preamplifier using a tetrode mosfet for improving the Heath HW-17A receiver 
front-end response. 
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that resistor R115 should be increased to 
27k. 

modulator bass response 

A final touch to improve the bass 
response of the HW-17A modulator will 
bring compliments on your audio quality. 
The emitter of Q11, a 2N3391, should be 


fig. 2. Additional 
components for im¬ 
proving the HW-17A 
modulator bass re¬ 
sponse. 



bypassed with a capacitor larger than the 
2-pF unit in the original circuit. Unfor¬ 
tunately, the stage will motorboat with 
direct bypassing. My solution was to use a 
56-ohm resistor in series with a 20/iF 
capacitor, as shown in fig. 3. 

conclusion 

The simple changes described above 
will more than repay you in increased 
performance and operating pleasure for 
the time and effort involved. When I 
made these modifications I was able to 
realize the best features of this fine 
transceiver. Now when DX is there, I 
work it! 


reference 

1. D. Nelson, WB2EGZ, "High-Performance 
Mosfet Converter—the Two-Meter Winner,” 
ham radio, August, 1968, pp. 22-29. 

Don Nelson, WB2EGZ 


fig. 3. Suggested parts layout 
for the preamp. Simple U- 
shaped copper chassis bolts to 
an existing pc board in the 
HW-17A. 



removing IC’s 

I was accumulating parts for a project 
using ICs and needed a couple of JK 
flip-flops. I had some in my junk box, but 
the little rascals were firmly embedded in 
one of those bargain PC boards obtained 
from a surplus outlet. The board had 
been wave-soldered, which means the 
parts were there to stay put. 

I didn't have a vacuum desoldering 
tool handy, so I used a trick known as 
wicking. I flattened a short piece of shield 
braid and held it against the pins of the 
1C. Applying the soldering iron to the 
braid causes it to absorb the solder, and 
the 1C comes out easily. Everything must 
be clean: soldering iron, braid, and PC 
board. 

A vacuum desoldering tool is best if 
you have to remove many parts, but the 
wicking method is okay for one or two 
devices. I made a vacuum desoldering tool 
out of an old ear syringe, but it's slow 
and the tube tends to clog with solder. 
The best device is a spring-loaded tool 
designed for this purpose. 

Alf Wilson, W6NIF 


two-meter converter 

The converter shown in fig. 4 receives 
on two frequencies. I use it with an auto 
radio to receive my vhf club stations on 
145.35 MHz and an fm repeater on 
146.94 MHz. 

Most of the parts were salvaged from 
uhf television converters and transis¬ 
torized be receivers. Crystal frequencies 
were chosen to put the converter output 
into a clear spot in the broadcast band. 
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LI 

3 turns 
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enameled on 

R1 


fig. 4. Schematic for the two- 
signal vhf converter. Most of 
the components were salvaged 
from transistor radio receivers. 
Transistors are available from 
Poly-Paks or may be salvaged 
from late-model tv converters. 


+ 9V 



construction 

The schematic is shown in fig. 4. The 
unit is built on a piece of circuit board 
and mounted in a small Bud box for 
complete shielding. The board should be 
insulated from the box if polarity is 
disregarded. (My box has a negative 
ground, so I didn't insulate the board.) 

The output coil, L3, is an oscillator 
coil from an old transistor bc-band radio. 
The tap (fig. 4) was the emitter tap for 
the autodyne mixer. The unused winding 
was connected between the collector and 
i-f transformer. You may have to try 
different values of Cl to resonate your 
coil. 

The antenna coil, LI, tunes rather 
broadly. It should be peaked between the 
two desired signals. Spread or squeeze LI 
to make C2 tune to resonance. 

crystal selection 

The crystals are third overtone types. 
The oscillator may be operated on either 


side of the input signal. For the low side, 
the crystal frequency will be 



f x = crystal frequency 
f s = signal frequency 
fj = intermidiate frequency 

To operate the oscillator on the high 
side of the input signal, merely add the 
signal frequency and intermediate fre¬ 
quency, then divide by 3. 

I mounted a slide switch on the box to 
select the crystals. No signal feedthrough 
occurred since the converter and auto 
radio were well shielded. 

This converter operates on 9 volts. If 
you use it in your car, I'd suggest you 
bypass the B+ line with a 25- to 50-pF 
capacitor. A dropping resistor and zener 
should be used to reduce the car's pri¬ 
mary voltage. 

W. G. Eslick, KOVQY 
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Mr. John H. Thompson, W1BIH/PJ9JT, re¬ 
cently packed his Ten-Tec Power-Mite PM 3A 
transceiver into a suitcase and headed for the 
Coral Cliff Hotel, Curacao (Netherlands An¬ 
tilles). From there he worked the world. 



worked 
the,, 
world. 


"Final tally on the PM 3A results at PJ9JT are 261 
QSOs on 14 MHz and 41 QSOs on 7 MHz for a total 
of 302. This includes 32 different countries in 5 
continents. I operated only with the PM 3A on 7 and 
14 Me. CW. No contacts were set up first on high 
power, nor was any auxiliary receiver used. It was 
all done with the PM 3A. Of course I had a FB 
location and the PJ9 call didn’t hurt. Among the DX 
worked were five VKs, a ZL, VU and 4X4. Only 
Africa was missed and I did get a PJ? response 
from an EL. The batteries, a pair of 6V lantern 
batteries in series, lasted the entire operation 
and showed no signs of failing. Some comments 
from stations worked: 

W8KIT: ‘Congrats on that signal with real QRP’ 
W0OPK: ‘Unbelievable’ 

W5IUW: 'Ur really busting my ears’ 

W3KR: ‘Boy, ur 5 watts FB here on my attic antenna’ 
W4KC: ‘Did you say 5 watts?’ 

W2GA: ‘Boy, ur rig doing FB’ 

W4YWX: ‘Unbelievable — if I didn’t know you I’d 
swear you're pulling my leg because ur 
hitting 20 DB’ 

K3CUI: ‘Are you really running only 5 watts? FB’ 
OK1AOR: ‘Sigs 589 FB' 

K6IC: ‘Your 5 watts sure good here’ 

UK2KAF: (ex UP2KNP): ‘Ur low power sure doing FB’ 
K4ZA: ‘Ur sig has real punch’ 

I did other hamming, making some 400 contacts on 
the other bands, both CW and SSB using high power 
equipment. Could have made many more QSOs in 
the same time using the high power rig but it 
wouldn’t have been half the fun.” 


Power-Mite PM 3 

PM 3: 20-40 meter bands 
CW only — power input 5 
watts power required 12 
V d.c. — 500 ma High im¬ 
pedance output for head- 
phones $69.95 

Power-Mite PM 3A 

PM3 A: Same features ex¬ 
cept with break-in keying 

$79.95 


Order today from your distributor, or direct: 

Please ship my □ PM 3 $69.95 prepaid at once. 

□ PM 3A $79.95 

I enclose my □ Personal □ Money order in full 
check 


Satisfaction guaranteed or money back. 


Name 


HE 


TEN-TEC IKC 

SEVIERVILLE. TENNESSEE 37*62 


Address_ 

City_State_Zip. 
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Dear H R: 

During a recent QSO with a well- 
known amateur, the conversation turned 
to the quality and content of the general 
run of QSO's heard on the bands. What 
had started out to be just a casual contact 
turned into a lengthy discussion of the 
directions, in which amateur radio is 
headed. 

It seems that, more and more the 
prevailing idea is to contact a fellow, 
exchange signal reports and equipment 
types, and then cut and run to the next 
one. This situation is aggravated by the 
almost continuous stream of contests 
sponsored by one group or another, the 
purpose of which seem to be the maxi¬ 
mum number of contacts in the minimum 
length of time. 

I will be the first to acknowledge that 
amateur radio is a hobby open to all 
types and persuasions. Those whose main 
interest lies in the compilation of an 
impressive list of contacts and a wall full 
of certificates attesting to their ability in 
multiplication, are and should be free to 
pursue their aims. However, must we all 
be forced into this type of operation? 
Listen in any evening on the DX bands 
and count the number of genuine QSO's 
going on. 

Some amateurs, in self-defense, have 
grouped together into small regional 


groups and don't even attempt, nor in 
some cases welcome, outside contact. The 
foreign amateurs seem to be getting more 
reluctant to answer calls, and I suspect it 
is for precisely this reason. 

If we wish to retain our bands, perhaps 
it is not too early to examine the pur¬ 
poses for which they were granted in the 
first place and the utilization that is being 
practiced today. A QSL card used to be 
something a fellow sent to another sta¬ 
tion to acknowledge a pleasant contact, 
not something to confirm a statistic. 

Perhaps we need to call The Old Man 
back from his well-earned rest to keep 
watch on us. His ever-ready Wouff-hong 
and threat of the Rettysnitch struck fear 
into the hearts of those who were guilty 
of "rotten" practices. 

This station is open anytime I'm on 
the air to contacts with others that want 
to talk about something more meaningful 
than, "ur RST 5NIM eqpt hr Foghorn II 
tnx qso diddley-bump-de-bump." 

Jim Crouch, K4BRR 
Jacksonville, Florida 

mnemonics 

Dear HR: 

Here's a mnemonic for you which I 
learned from Dr, IMolde, my first Electric¬ 
al Engineering Professor at Berkeley in 
1956. 

ELI the ICE man. 

ELI voltage leads (comes before current 
in an inductor 

ICE current leads voltage in a capacitor. 

Thanks for the article-1 can use some of 
the ideas with my students. 

Les Hamilton, PH.D., K6JVE/3 
Prince Georges, Maryland 
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$3.50 

postpaid 


_Nt _ 

Nawkar 

im 


amateur 

radio 

techniques 



AMATEUR RADIO TECHNIQUES 

J. Pat Hawker, G3VA 

Do you have the time to review all the dozens of amateur and 
commercial magazines which are brought out each month to 
collect the best of their many good new ideas. 

Here it has already been done for you in this very complete 
collection of material taken from a number of periodicals. It 
is presented in a most useful and well organized manner. 

Chapter headings include Semi conductors, Receivers, Trans¬ 
mitters, Oscillators, Antennas, Power Supplies and Test Equip¬ 
ment. 

Many added pages and a new improved binding 
make this a most appealing book. 


book division 



Box 592 • Amherst, New Hampshire 03031 

WE ARE THE EXCLUSIVE NORTH AMERICAN DISTRIBUTOR FOR RSGB PUBLICATIONS — 
DEALER INQUIRIES INVITED" 


august 1970 B3 75 






antenna rotator 



Radio Shack's new antenna rotator, 
the Servo-Rotor, although designed pri¬ 
marily for television antennas, will handle 
a three-element 20-meter beam according 
to the manufacturer. The Servo-Rotor 
uses a modern solid-state amplifier/ 
control circuit that compares actual an¬ 
tenna direction with the heading at the 
control box, and corrects any errors. 
Pointing accuracy is claimed to be ±0.5%. 
Special clutch action overcomes the ef¬ 
fects of ice and wind, and a built-in brake 
eliminates overshoot. Indicator lights 
show turning direction. Heavy-duty 
V-shaped clamps attach the rotator to 
masts from I’/? to 2-1/8 inches in diam¬ 
eter. S39.95 from your local Radio Shack 
store. 


electronic keyers 



Curtis Electro Devices has announced 
two new integrated-circuit keyers that 
incorporate iambic-mode squeeze keying 
into the basic Electronic Fist. These new 
designs provide iambic-mode character 
generation (alternate dots and dashes) 
when both keyer levers are closed. The 
EK-39 lambic Deluxe model includes dot 
memory, self-completing dots, dashes and 
spaces plus instant-start circuits that en¬ 
sure easy and accurate character genera¬ 
tion. The weight control, which is com¬ 
pletely independent of the speed control 
can be used to lengthen characters ac¬ 
cording to individual preference. 

A built-in monitor oscillator and 
speaker include an external volume con¬ 
trol and internal pitch control. Provision 
is made for solid-state or relay switching. 
The unit will key grid-block rigs up 
to —150 volts at 50 mA with output 
transistor provided. A back-panel jack 
allows connection of a straight key. Three 
popular color combinations allow you to 
match your other station equipment. All 
cables and connectors are provided. 

The EK-39 is available as a kit for 
$87.95, or factory wired and tested for 
$97.95. The model EK 38, which has all 
the features of the EK-39 except the 
weight control, is S72.95 as a kit, $82.95 
wired and tested, A reed relay option is 
$4.00 additional. For more details, write 
to Curtis Electro Devices, Box 4090, 
Mountain View, California 94040. 
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active filter 



Kinetic Technology, Inc., has intro¬ 
duced a new hybrid integrated-circuit 
active filter that features many interesting 
characteristics. The low power FS-60 fil¬ 
ters require only 0.3 mW of power at ±2 
volts, making it particularly suitable for 
battery-operated equipment. The filter 
works in the frequency range of dc to 10 
kHz and has multi-loop negative feedback 
for high stability. Q range is from 0.1 to 
500. The voltage gain of the unit is 
adjustable to 40 dB. Bandpass, high-pass 
and low-pass outputs are available simul¬ 
taneously. The center frequency and Q 
can be tuned by adding external resistors. 



fig. 1. Use a series resistor (100 to 1000 ohms) in 
the chosen output line to isolate the FS-60 
possible capacitive or inductive loads. Device will 
not drive less than 10k load without reduced 
output swing. 


A typical amateur application of the 
FS-60 is shown in fig. 1. This circuit 
tunes from 200 to 800 Hz and makes a 
good outboard CW filter. Practically all 
the active moonbouncers are using this 
type filter and report that they have 
nothing better. It's even been rumored 
that Sam Harris, W1FZJ/KP4, has his 
chained to the bench! In the near future 
we expect to have more applications 
information on this interesting new de¬ 
vice in ham radio. 

For complete specifications and 
pricing information, write to Kinetic 
Technology, Inc., 3393 De La Cruz Boul¬ 
evard, Santa Clara, California 95051. 


general-coverage receiver 



Radio Shack has introduced a new 
solid-state general-coverage receiver that 
tunes the entire range from 535 kHz to 
30 MHz. The new DX-120 receiver fea¬ 
tures an fet in the front end to minimize 
cross-modulation from strong local sta¬ 
tions, but still provides good sensitivity 
for weak signals. Four color-coded tuning 
scales and a logging scale provide easy 
readability; fine tuning is performed with 
a separate bandspread control. An S- 
meter, variable bfo and automatic noise 
limiter are provided; a built-in regulated 
power supply stabilizes receiver power 
supply-voltage drift and battery aging. It 
can be plugged into your local 117 Vac 
line, or used with 12 Vdc battery power 
for portable operation. Front panel de¬ 
sign is a modern black with brushed-alu- 
minum trim; the wrap-around cabinet is 
steel. The DX-120 can be operated with 
it's own built-in speaker, or with external 
headphones. S69.95 from your local 
Radio Shack store. 
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Use it for FM or CW final or as driver 
for HI POWER amplifier 

COMPARE THESE OUTSTANDING FEATURES: 
Cleanest Carrier you ever put out — No spuri¬ 
ous emission with any combination of drive, 
load or power supply variation. 

Wide Band — no tuning required 140-150 MHz. 
Low Power Consumption — 12-14 V for 10 W 
Min Output with 30 MW drive. 

Ideal for Remote Location, or repeater/mobile use. 

• Hi reliability • Very compact • Low cost 

Furnished with complete use information 
and schematic 

Last month at this low introductory 

PRICE: $59.95 

ready to hook-up and get out 

For more Info Call or Write — 

Jim W4MRI (305) 844 1323 


301 BROADWAY 
RIVIERA BEACH, FLA. 33404 


THE BEST 

2 METER 


144-146 MHz in. 28-30 MHz out 
or 146-148 MHz with a second crystal 
available for $4.95 extra 

A full description of this fantastic converter 
would fill this page, but you can take our word 
for it (or those of hundreds of satisfied users) 
that it’s the best. The reason is simple — we use 
three RCA dual Rate MOSFETs, one bipolar, and 
3 diodes in the best circuit ever. Still not con¬ 
vinced? Then send for our free catalog and get 
the full description, plus photos and even the 
schematic. 

Can't wait? Then send us a postal money order 
lor $39.95 and we’ll msh the 407 out to you. 
NOTE: The Model 407 is also available in any 
frequency combination up to 450 MHz (some at 
higher prices) as listed in our catalog. New York 
City and State residents add local sales tax. 


VANGUARD LABS 


Dept. R. 196-23 Jamaica Ave., Hollis. N.Y. 11423 


how to use test instruments 
in electronics servicing 

This new book by Fred Shunaman, 
former editor of Radio-Electronics is dif¬ 
ferent from the usual books of this type. 
Instead of a series of "how-it-works" 
descriptions, this manual describes speci¬ 
fic tests and troubleshooting techniques 
for the electronic experimenter. The first 
two chapters explain new ways to use an 
oscilloscope in tv troubleshooting, the 
next two chapters present tricks that can 
be done with vom's and vtvm's. Signal 
generators are covered in the next chap¬ 
ter, and the text describes signal-injection 
troubleshooting, alignment techniques, 
and how to measure inductance and 
capacitance with a signal generator. 

Other chapters cover capacitor checks, 
test probes, tube and transistor checks, 
crt testers and rejuvenators, cathode- 
current measurements, field-strength 
measurements, signal tracing, impedance 
and frequency measurements, and main¬ 
taining and calibrating test equipment. 
One whole chapter is devoted to color-tv 
test gear, revealing a number of important 
pointers (and pitfalls) facing the techni¬ 
cian. 256 pages. S4.95 from your local 
electronics distributor, or write to TAB 
Books, Blue Ridge Summit, Pennsylvania 
17214. 

variable power supplies 



Blulyne Electronics Corporation has 
announced a new line of economical, 
continuously-variable low-voltage power 
supplies that are ideal for semiconductor 
work. The units feature excellent regula- 
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tion and ripple characteristics, and are 
short-circuit proof. Single, dual and triple 
units are available. 

The single unit (PS-61C) provides ±15 
Vdc output with a load current of 700 
mA (usable up to 1 ampere over 10 Vdc). 
Regulation is 0.0005% Vdc per mA load 
current; ripple is less than 0.005 at full 
load. Price: S49.95. 

The double unit (PS-62C) is ideal for 
working with operational amplifiers and 
has the same electrical specifications as 
the PS-61C at each output. Price is 
$74.95. The triple unit (PS-63C) is three 
completely independent power supplies 
that may be used in any combination. 
Each output has the same electrical speci¬ 
fication as the PS-61C. Price is $99.95. 

All power supplies are furnished in 
modern walnut-finished cabinets. The 
grounding plug, single-switch operation, 
chassis-ground terminals and isolation 
from the ac line provide complete safety. 
For more information, write to Blulyne 
Electronics Corporation, 3 Sand Springs 
Road, Williamstown, Massachusetts 
01267. 


multi-antenna coupler 

The new multi-antenna coupler from 
Antennalabs is designed to couple several 
different antennas to a single transmission 
line. The coupler separates incoming sig¬ 
nals according to frequency, and routes 
signals in each band to a separate termi¬ 
nal. It can be used with any 52-ohm 
unbalanced load (72-ohm models availa¬ 
ble), and may be located any convenient 
distance from the antenna since feedline 
length is not critical. The coupler is 
encapsulated in a durable weatherproof 
epoxy housing; power rating is 2000 
watts, insertion loss 0.5 dB maximum, 
isolation between terminals is 20 dB and 
vswr is less than 1.5:1 on all bands. 
Models are available for all amateur bands 
from 3.5 to 144 MHz. Prices range from 
$24.95 to $34.95 depending on frequen¬ 
cy. For more information write to, 
Antennalabs, Post Office Box 458, Ocean 
Bluff, Massachusetts 02065. 


,_HRL?H!££i__ 

HAL 311BC 
ELECTRONIC 
KEYER 

THE most versatile keyer now available. 
Send for full details on the HAL 311 BC 
and the complete line of HAL electronic 
keyers. There is a model to fit your re¬ 
quirement and budget from $16.00 to 
$48.50. 

Now available in kit form for even greater 
value. 


TOUCHCODER II KIT 

Complete kit of parts, excluding keyboard, 
for the W4UX CW code typer. 

All circuitry, including PS and monitor on 
one G10 glass PC board. 

Transistor grid block and cathode keying. 
Only $45.00. Write for full details. 


RYRYRYRYRYRYRYRYRYRYRYRYR 
HAL RTTY TU/AFSK KIT 

All TU and AFSK circuitry, including PS, 
on one 3x6" G10 glass PC board. 

850, 170, and CW ID shifts 
Zener protected transistor loop switch 
High and low impedance audio output 
$40.00 HAL TU/AFSK cabinet $5.00 
RYRYRYRYRYRYRYRYRYRYRYRYR 


HAL 25KHz MARKER GENERATOR 

50 KHz or 25 KHz markers to 144 MHz 
Small 1x2" G10 glass PC board 
Requires 100 KHz signal and 3 vdc 
$4.95 wired, $3.95 kit. Postpaid. 


DOUBLE BALANCED MODULATOR KIT 

For the DBM in March 1970 Ham Radio 
7/8x2" G10 glass PC board 
4 HP 2800 hot carrier diodes matched by 
HAL. 2 Indiana General CF102-Q1 
toroids. 

Instructions included. $5.50 postpaid. 


Hoi Comar Dtodac MP7800 KM. 177*10 00 Matchad by HAL 47*4 76 

IC'a f >1L 900 914 ACM l»lL®73 KM 

MRTL MC700P. MC81MP *2 00. 10/*1®50 

MC774P MC789P MC792P MC776P *1 05. 10/*9 60 
A ho Available MC7B8P MC880P, MC767P. MC97BQP 
OP AMP SN77708N (DIP) *1 75. 7 /*10 00 

TOROIDS: Indiana Ganaral CF107 08. CF102-01. Cf 10102. KM 

CINCH 1C Bdiatt. 14 DIP. 8 ICS 804 HAL DEVICES 

Write for our complete catalog. 

Remit with order; please add postage. 

HAL DEVICES Box 365H, Urbana, II 61801 
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pnp rf power transistors 


CQ de W2KUW 


WE NEED YOUR SURPLUS TUBES 


f 

) 1P21 

3CX2500 

I 2C39 

3CX3000 

) 2K25 

3CX5000 

) 2K48 

3CX 10,000 

| 2K (any digits) 

3E29 

| 3-400 

3K (any digits) 

! 3 1000 

4 65 

l 3B24 

4 125/4D21 

' 3B28 


! 4 250/5D22 

4CX3000A/8169 

! 4 400A/8438 

4CX5000A/8170 

: 4-1000A/8166 

4CX5000R/8170W 

J 4X150A 

4CX10,000/8171 

[ 4CX250B 

4X150G/8172 

' 4CX250R/7580W 

4PR60A or B 

1 4CX300 

4PR (any digits) 

) 4CX350A/8321 
) 4CX1000A/8168 

5-125B/4E27A 

1 5R4WGB 

304TL 

1 6BL6 

VA (all types) 

) 6BM6 or 6A 

250TH 

) 6L6 

450TH 

| 7D21 

450TL 

| 8D21 

QK (all types) 

| 9C21 

715C 

[ 9C25 
[ 75TL 

802 

) 805 

891R 

| 807 

TW (all types) 

i 810 

TWT (all types) 

[ 811A 

NL (all types) 

f 812A 

4000 series 

’ 813 

5000 series 

[ 832A 

6000 series 

‘ 833A 

7000 series 

1 891 

8000 series 

| Please send us 

your surplus inventory 

khsts. We want to 

buy other tubes and 

[TX — RX — test equipment. 

5% Bonus 

over Best Offer 

The TED DAMES Co. 

| 308 HICKORY ST., 

ARLINGTON, N. J. 07032 1 

Phon«: 

201 998-4246 



Motorola Semiconductor has added 
four new transistors to their line of pnp rf 
power devices. With the addition of the 
new transistors, types MM4020 through 
MM4023, the line now covers the power 
range from 0.5 to 40 watts at 175 MHz. 
Each of the transistors features balanced- 
emitter construction for maximum safe 
operating area, isothermal design for flat 
power output vs temperature, and low 
inductance stripline packaging. 

Balanced-emitter construction uses 
thin-film nichrome resistors in series with 
each of the multiple emitters to distribute 
power evenly throughout the semicon¬ 
ductor chip. Isothermal design results in 
exceptional output power stability with 
changing operating temperature. This in¬ 
sures even generation and flow of heat 
from the chip so that the power slump 
usually encountered in an rf power device 
operating near its maximum frequency is 
nearly absent. The stripline package pro¬ 
vides minimum series lead inductance, 
and when combined with the inherently 
higher input impedance of pnp transis¬ 
tors, simplifies the design of interstage 
matching circuits; it also results in higher 
gain-bandwidth products. 

At 175 MHz, the MM4020 provides 
3.5 watts output with 11.5-dB gain; the 
MM4021 provides 15 watts (7.0-dB gain), 
the MM4022 provides 25 watts (5.5-dB 
gain), and the MM4023 provides 40.0 
watts at 4.5-dB gain. For complete speci¬ 
fications, write to Technical Information 
Center, Motorola Semiconductors Prod¬ 
ucts, Inc., Box 20924, Phoenix, Arizona 
85036. 


80pjaugust 1970 





a o 



Exceptionally compact —only 8%" high, 12%“ 
wide, and 17" deep-the GSB-201 MKIV lends 
itself readily to table-top mounting. 


MKIV 

LINEAR AMPLIFIER 

,.. the work horse 


• Four (not two) type 572B husky car¬ 
bon anode tubes for a full 2000 watts 
PEP SSB input. 

■ 120 or 240 volts primary power input. 

■ Instant-On, No Warm-Up. No Waiting 
when switching from barefoot, to full 
power. 

■ Universal rear of cabinet circuitry, may 
be connected for transceiver, or re 
ceiver-transmitter use, without inter¬ 
nal modification. 

■ Plus many more exciting features. 

AMATEUR NET $495.00 

See your favorite distributor 

— Write for brochure 


DIVISION OF AEROTRON, INC. ■ P. 0. BOX 6527 ■ RALEIGH. N. C. 27608 


. . . Important Volumes for Your Radio Library . . . 

RADIO HANDBOOK — 18th Edition 

Latest edition of this well-known and highly-respected handbook How to design, build 
and operate the latest types of amateur transmitters, receivers, transceivers and ampli 
fiers Provides extensive, simplified theory on practically every phase of radio. 

Over 850 pages ONLY $13.90 


WORLD AT THEIR FINGERTIPS John Clarricoats. G6CL 
A fascinating, completely thorough history offering a most 
interesting insight into the world of amateur radio. Starting 
with the very beginnings of wireless m the late 19th century 
this volume c arefully traces the growth of this hobby both 
technically and into the institution we know today 
307 pages. $2.50 

ALL ABOUT CUBICAL QUAD ANTENNAS by W6SAI 
Construction and tuning data Multiband Quads. Charts, 
drawings and photos for your Quad Full complete data on 
homemade Quad antennas The new X-Q Quad. $3.95 

VHF HANDBOOK by On, WSSAI and Johnson. W6QKI 
A complete Handbook covering the VHF spectruml Many 

VHF construction protects! Design and construction of 
VHF transmitters, receivers and antennas! Make your VHF 
station work! $3.95 

BETTER SHORTWAVE RECEPTION by Wm. Orr. W6SAI 
Your introduction to shortwave radio. How to hear DX. 
How to buy a receiver Amateur radio. How to align your 
receiver. Antennas! QSLs. Getting your ham license. 

$3.95 


THE CARE AND FEEDING OF POWER GRID TUBES 
by Robert Sutherland. W6UOV 

As the title says, a very complete rundown on the use of 
power tubes Be sure to read this before you start work 
on your new linear ONLY $3.95 

BEAM ANTENNA HANDBOOK by William Orr. W6SAI 

Theory, design, construction, and installation of rotary beam 
antennas! SWR data! Multiband beams. 40 meter beams. 
20 meter DX beams! How to make your beam work! 
200 pages $4.95 

NOVICE & TECHNICIAN HANDBOOK by W6SAI and W6TNS 
All about amateur radio m nontechnical language! How to 
learn the code. How to assemble your ham station. Trans 
mitters! Receivers! DX! How to Get QSL cards. $3.95 

ELECTRONIC CONSTRUCTION HANDBOOK by Robert Lewis. 
W8MQU 

All about design construction layout and testing of elec 
tromc equipment. Nontechnical guide for kit builders and 
your best key to better performance of your equipment! 

$3.95 


vision 


Box 592 • Amherst, New Hampshire 03031 


august 1970 n 8 i 






SAVE OVER 75%! 

PULSE GENERATOR ADAPTER 

Attach the output of your present square 
// 'wij or sine wave generator to the input of a 

// Blulyne Pulse Generator Adapter and you 

have a high speed lab quality pulse gener- 
1/ \ ator ^ eaturin 8 variable pulse width, vari- 

// /V b l I able pulse amplitude and variable fre- 

***'//r quency at less than 25% of the cost of 
» 1 > I a separate unit. 

/ SPECIFICATIONS 

Frequency response 1 Hz to 10 MHz 

Rise time less than 20 nsec. 

Fall time less than 20 nsec. 

Input Impedence 5000 ohms 

Output Impedence (APG-100) 100 ohms 

(APG-150) 50 ohms 

Connectors (APG-100) phono (APG-150) BNC 
Pulse width (variable) 100 nsec, to 500 msec. (50% duty max.) 

Pulse Amplitude (APG-100) 0.6 v - 6.0 v (unterminated) 

(APG-150) 0.6 v- 10.0 v (unterminated) 

Many valuable uses for the designer, experimenter, engineer and technician. 

Model APG-100 $39.95 Model APG-150 $49.95 

Write for illustrated brochure on this and other BLULYNE PRODUCTS 

BLULYNE ELECTRONICS CORP. wilIiS^^SSL 


KING OF THE TRIBANDERS 
HYGAIN NEW TH6DXX TRIBANDER 

$169.95 



BONUS COUPON 

($50.00 VALUE) 

• BN 86 BALUN 

• 100' RG 8 COAX 

• PREPAID FREIGHT U.S.A. 

BRING OR SEND COUPON IN 
FOR BONUS 


/(ON)/ AT) 

L. A. AMATEUR RADIO SALES 

24214 CRENSHAW BLVO. 
TORRENCE, CALIF. 90505 
Phone 213-534-4456 
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THE PUGET SOUND Council of Amateur Radio 
Clubs will again issue a Washington State Opera¬ 
ting Achievement Award Certificate signed by 
Governor Daniel J. Evans, for contacts made 
during Washington State Amateur Radio Week, 
September 6th through 13th, 1970. Out-of-state 
amateurs must contact ten Washington hams, and 
in-state amateurs must contact 20 other Washing¬ 
ton hams during this week. Send list of stations 
worked, their locations, dates of contacts, your 
call and name and address to: The Puget Sound 
Council of Amateur Radio Clubs, 12306 80th Avenue 
East, Puyallup, Washington 98371. 


QSL’S — BROWNIE W3CJI — 3111-B Lehigh, Allen 
town. Pa. 18103. Samples 10<J. Cut catalogue 25<f. 


■ RATES Commercial Ads 250 per 
word; non-commercial ads 100 per word 
payable in advance. No cash discounts 
or agency commissions allowed. 

■ COPY No special layout or arrange¬ 
ments available. Material should be type¬ 
written or clearly printed and must in¬ 
clude full name and address. We reserve 
the right to reject unsuitable copy. Ham 
Radio can not check out each advertiser 
and thus cannot be held responsible for 
claims made. Liability for correctness of 
material limited to corrected ad in next 
available issue. Deadline is 15th of 
second preceding month. 

■ SEND MATERIAL TO: Flea Market, 
Ham Radio, Greenville, N. H. 03048. 


SALE TR-4, AC-4, MN-2000 A MS-4. K2MJE. Call 
evenings after 5:00 p.m., 609-845-9084. Mario A. 
DeBellis, 116 Holly Drive, Woodbury, N. J. 


INSIDE DIPOLES. 40 meters, $8.95. 80 meters, 
$9.95. 12' to 25'. 500 watts. Free flyer. White, 
26W265 Kiowa Ln., Wheaton, Illinois 60187. 


TELETYPE #28 LRXB4 reperforator-transmitter "as 
is" $100; checked out $175. Includes two 3-speed 
gearshifts. Alltronics-Howard Co., Box 19, Boston, 
Mass. 02101. 617-742-0048. 


DANVILLE (ILLINOIS) HAMFEST sponsored by 
the Vermilion County Amateur Radio Association, 
Inc. - Date: August 30, 1970 - Douglas Park. 


SUMMER HOUSECLEANING! Making room for new 
gear. Many goodies must go at unbelievable 
bargain basement prices. Send SASE for detailed 
list. Specials include Comdel CSP-11 Speech 
Processor, $75. Amphenol FET voltmeter, $75. 
PRD model 219 precision 100 - 1000 MHz reflec- 
tometer, $150. UHF signal generator, LAE-2, 500 
- 1300 MHz, $75. Heath AM-1 antennascope, $10. 
Eico 717 electronic keyer, $40. Waters coaxial 
switch, $5. 3-amp Variac, $8. 5-amp Variac, $12. 
Antenna noise bridge, $20. Dow-key coaxial relay. 
$10. Transco Y-type coax relay, N-connectors, 
good to 10,000 MHz, $20. 8 /if, 1500 Vdc electro- 
lytics, $2.00 each. 500 /if, 310 Vdc computer 
electrolytics, $1.00 each. W1DTY, Box 25, Rindge, 
N. H. 03461. (603) 899-5483. 


WORLD RADIO’S used gear has trial-terms- guaran¬ 
tee! HX30 (6M-SSB) - $199.95; RX1 - $149.95: 
Swan TV2 - $199.95; 350 - $279.95; DuoBander 84 
- $104.95: T4X - $299.95: HQ110C - $139.95: 
HO170C - $179.95; NC300 - $139.95; Galaxy 5mk3 
- $279.95: SB33 - $189.95; SB34 - $249.95; GD104 
(mic-stand) - $19.95. Free "blue-book" list for 

more. 3415 West Broadway, Council Bluffs, 
Iowa 51501. 


SING a September song! 1970 ARRL National 
convention September 25-26-27, Statler-Hilton Hotel, 
Boston. Free brochure & discount coupon from 
W1VRK, 28 Forest Ave., Swampscott, Mass. 01907. 


WARREN OHIO AMATEUR RADIO ASSOCIATION 

(W.A.R.A.) 13th Annual Hamfest, Sunday, August 
16, 1970 at New Location. New Trumbull County 
Fairgrounds, 2 miles north state Route 305 on 
Bazetta Road just west of Mosquito Creek Reser¬ 
voir. Registration begins at 1000 hrs. Mobil talk- 
ins on 3940 KHz and 145.3 MHz. 


"DON AND BOB” guaranteed goodies. Monarch 
dual-meter SWR bridge (reg. $24.95) $15.95; 

Ameco preamplifier, PT, $49.95; Amphenol PL-259, 
SO-239 49c; Astatic D-104, G stand $29.95; HAM-M 
$99.00; TR-44 $59.95; Goldline 2 position coax 

switch $5.95; Hygain quad (reg. $129.95) $109.95; 
RCA 6LQ6/6JE6C $3.50; 6146B $4.45; Cetron 

572B $15.95; TRI-EX W-51, prepaid $330.00; Drake 
W-4 wattmeter $55.00; lOOOKHz crystal, HC6U 
$3.95; lOOKHz xtal $7.00; Telex HMY-2K stetho¬ 
scope headset $3.95; Jennings vacuum variable 
300PF/7.5KV $30.00; 3000MFD/30V computer capa¬ 
citor 35c; 100 ft. #14 antenna wire $1.95; many 
more items. Write for needs. Write for cash quotes 
major line gear. BankAmericard, Mastercharge, 
GECC. All items guaranteed, FOB Houston. Don 
K5AAD, Bob WA5UUK, Madison Electronics, 1508 
McKinney, Houston, Texas 77002. (713) 224-2668. 


SPECIAL OFFER — Ham Radio Binders regularly 
$3.95 each now three for $10.00 postpaid. Ham 
Radio, Greenville, N. H. 03048. 


QSL'S SECOND TO NONE. Same day service 
Samples 25c. Ray, K7HLR, Box 331, Clearfield, 
Utah 83015. 


ORIGINAL EZ-IN DOUBLE HOLDERS display 20 
cards in plastic, 3 for $1.00, 10 for $3.00 prepaid. 
Guaranteed. Patented. Free sample to dealers. 
Tepabco, John K4NMT, Box 198R, Gallatin, Tennes¬ 
see 37066. 


FOR SALE: Factory-sealed: 30L-1, $445; 312B-4, 
$175: Swan 117-XC, $70; Collins 399C-1, $165. 
32S-3, 516F-2, 75S-3 (6EH7 RF). 312B-4, $1000. 
75S-1, 32S-1, 516F-2, 312B-4, $700. 30L-1, $315. 

75A-4 #5822, 0.5, 1.5, 2.1, spkr, $475. 30S-1, $995. 
Henry 2KD, $475. Swan 500-C, 117-XC, $425. 
T4X, AC-3, $315. TR 3. AC-3, MS-4, $400. HT-32 B, 
$245. HW-32-A, HP-23-A, $140. Squires-Sanders 

SS-1R, SS-1S. manuals, $325. Heath KL-1, KS-1, 
$250. Tektronix 514-D, $165. Cubex 4-el tri-band 
quad, $125. Telrex 20M3E17, $100. Hy-Gain Log- 
Periodic (13-30 mcs, 5 KW), $250. Telrex rotator 
A-1312, $200. Lafayette HA-410, mike, whip, $75. 
B & W 3852 rotary inductor, new (used as L-401 
for KWS-1), $15. HA-20 VFO (SR-400 & SR-2000), 

new, $125. Sola constant-voltage transformer #23- 
25-230-3 (3 KVA), new. $100. Capacitors: 500 

mfd/510 VDC, new, 24 ea $1.00; 4 mfd/10 KV, 
0 $25. K.W. Matchbox/meter, $125. 4CX-1000. 

socket, transformer, $50. Prop-pitch, converted, 
transformer, $30. BC-221, charts, manual, $45. 

Variac 220V/31 Amp, $40. Transformers: -12.8 
VCT/20 Amps, $7; 2880 VCT/500 ma, 2/$25: 

1300/3.0 Amps, $15. Thunderbolt, $250. James 
W. Craig, W1FBG, P. O. Box 967, Portsmouth, 
N. H. 03801. 
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CONTINUOUS! 

AUTOMATIC! 

ACCURATE! 


Large (i/ 2 inch numbers), bright "NIXIE” display 
Measures Khz and Mhz 

Example: A transmitter on 7204 Khz would read 


72 


Mhz or 


04 


Khz 


Operates with any exciter — transceiver — transmitter 
(1 to 600 watts — 1 to 30 Mhz) 

100 Khz crystal reference (adjustable to WWV) 

fm-6 Freq Meter — Kit — $139.50 
Assembled — $169.50 

M/cro’Z Co. 


Box 2426 Rolling Hills, Calif 90274 



THE DELUXE 500-CX 


SWAN PRODUCT LINE COMPLETE FOR ALL OF 
YOUR NEEDS - mobile * fixed * portable 


See us for the 

CYGNET 260/270 


and the updated 500-CX 


DALLAS HAM CENTER SINCE 1941 
YOUR DEPENDABLE HAM SUPPLY HEADQUARTERS 
COME SEE — CALL OR WRITE 


AL MARKWARDT, MGR., W5PXH 


CRABlREE'S 


2608 ROSS AVE., DALLAS, TX. 75201, 748 5361 
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NOVICE CRYSTALS: 40-15M $1.38. 80M $183. 

Free flyer. Nat Stlnnette Electronics, Umatilla, 
Florida 32784. 


1916 QST'S wanted. Especially May and June. Anv 
unreasonable price paid! Ted Dames, W2KUW, 308 
Hickory Street. Arlington. N. J. 07032. 


SCOTT’S QSL SERVICE. Cards forwarded any¬ 
where 3f except U.S. to U.S. Free information 
on manager services. WA5UHR, 1510 Lynnview, 
Houston, Texas 77055. 


FORCED SALE: Collins 75S-3B receiver with 500 
cycle filter $600.00; 32S-3 transmitter with 516F-2 
AC power supply $725.00; 30L-1 linear $400.00; 
Drake MN-2000 $100.00; Waters 334A $85.00. All 
equipment new March 1970. Write: Box D, 
Ham Radio, Greenville, NH 03048. 


TECH MANUALS — R-390A/URR. BC-639A. OS- 
8C/U, $6.50 each; R-388/URR, $7.50; TS-323/UR. 
SP-600JX, $5.50 each. S. Consalvo, 4905 Roanne 
Drive. Washington, DC 20021. 


APR-14 RECEIVER WANTED. I am looking for a 
APR-14 surplus VHF • UHF receiver. Write or call 
Leroy Sparks. W6SYC, 924 W. McFadden Avenue. 
Santa Ana. Calif. 92707. Phone: (714) 557-8122. 


THE ENGLEWOOD AMATEUR RADIO ASSOCIATION. 

INC., invites all amateurs the world over to take 
part in the Eleventh New Jersey QSO Party from 
1900 GMT Saturday. August 15 to 0600 GMT 
Sunday, August 16 and from 1200 GMT to 2300 
GMT on Sunday, August 16. For complete details 
please contact the Englewood Amateur Radio 
Association, Inc., 303 Tenafly Road. Englewood. 
New Jersey 07631. 


READ RADIO COMMUNICATION. Britain's finest 
amateur magazine. 1 year subscription $6.00 from 
Comtec, Box 592, Amherst, N. H. 03031. 


TOROIDS! Lowest price anywhere. 40/$10.00 POST¬ 
PAID. Center tapped 88 or 44mhy. (5/$2.00). 32KSR 
printer. Reconditioned, perfect $200. Lorenz ASR 
page printer (all 60 speed) $100. Perf tape 11/16" 
$10/case/40. Electrosensitive facsimile paper $3/ 
box/250. Stamp for list. Van W2DLT, 302H Passaic 
Avenue. Stirling. New Jersey 07980. 


PC BOARD. 3/32 inch, 2 oz. Copper one side, 
paper base. Specify size desired. 1.5^ per square 
inch plus postage. HAL Devices, Box 365H, 
Urbana, Illinois 61801. 


SB-101, AC & DC SUPPLIES, well maintained. 
Sell for best offer or trade for recent Drake R4 
or 2C/2NT outfit. Bevelheimer, W3GDZ, RD #1. 
Venetia, Pa. 15367. 


WANTED: EDDYSTONE RECEIVER. All offers 

answered. W2IQ/4, 1710 Point Pleasant Ave. West, 
Bradenton, Florida 33505. 


INSTANT SUPERJUNKBOX. Must sell mine. Write 
for list. R Stinaff. 206 Magnolia Terrace. Pendle¬ 
ton. S. C. 29670. 

FREQUENCY METER TS-186D 100-10.000 MHz $65. 
may use as signal source, specs. SASE; mint 
Singer-Metrics Spectrum Analyzer SPA-1 w/RF 
Tuners 50-4000 MHz. manual. $375. W4API. Box 
4095. Arlington. Virginia 22204. 


NORTHERN CALIFORNIA Hams: Best deals — new 
and reconditioned equipment. Write or stop for 
free estimate. The Wireless Shop. 1305 Tennessee, 
Vallejo, California 94590. 


SAVE. On all makes of new and used equipment. 
Write or call Bob Grimes. 89 Aspen Road. Swamp- 
scott. Massachusetts. 617-598-2530 for the gear u 
want at the prices u want to pay. 



WRITF FOR 
FREE 

BROCHURE! 


GEM QUAD FIBRE - CLASS 

ANTENNA FOR 10. 15. and 20 METERS. 


Two Elements $87.00 

Extra Elements $50.00 ea 
Shipped Freight Collect 
INCLUDES U.S. Customs Duty 


KIT COMPLETE WITH 
SPIDER 
ARMS 
WIRE 

BALUN KIT 

BOOM WHERE NEEDED 


SEE OUR FULL PAGE IN MAY ISSUE 


Buy two element* now — a third and fourth may 
he added later with little effort. 


Enfoy optimum forward gain on DX, with a 
maximum back to front ratio and excellent *ide 
discrimination. 


Get a maximum structural strength with low 
tceight, using our “ Tridctic ” arms. 


MANITOBA DESIGN INSTITUTE 
AWARD WINNl II 


Canadian Patant No 794506 
U. S Patant Pandrni 


20 Burnett Avenue, Winnepeg 16, Manitoba, Canudai 


GET YOUR NEW 
ISSUES NOW! 

Over 290,000 QTHs in 
the U.S. edition $7.95 
VOver 140,000 QTHs in 
\ the DX edition $5.95 

\ NEW EDITION EVERY: 

• \ MARCH 1 - SEPT. 1 
JUNE 1 - DEC. 1 


RADIO AMATEUR 

^ ca 


Dept E. 925 Sherwood Drive 
Lake Bluff. Ill 60044 
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IT’S WHAT’S INSIDE 
THAT “COUNTS” 

Accuracy and stability has been 
placed first in the design of the TBL-1 
Marker. We feel a marker should be more 
accurate than the receiver it is going to 
calibrate — so no compromise has been 
made with quality. 

Fairchild, Motorola, JFD, Jan, Mal¬ 
lory, IRC and Keystone components are 
used throughout. It costs more, but 
calibrate with the best. Hundreds have 
been sold to government, amateurs, 
SWL's, schools and laboratories around 
the world. 

Try one today. 




Frequency marker, less cabinet and switch 
Specifications: Glass Epoxy Board. Adjustment 
to zero beat with WWV. Uses 100 KHz crystal 
(not supplied). 3 to 4 VDC. Compact — 1.75 x 
3.75 inches. Install anywhere! 

Complete easy-to- *1C cn Wired and * 1 Q QC 
assemble kit 9I0.JU Jested vIO.OJ 

SWITCH *1.00 CRYSTAL ONLY $3.50 
with purchase of any of above 

or 


PARTS! 


NEW - CLEAN 
MANY IN 

ORIGINAL CARTONS 


SELF-CONTAINED UNIT 

The TBL Marker is a complete unit includ¬ 
ing the circuit board shown at left and powered 
with 3 "C" type flashlight batteries. Merely 
connect to your receiver antenna — no internal 
wiring necessary. A front panel control allows 
zero beat with WWV. 

Special introductory price COQ QC 
Less crystal and batteries v4,u.uJ 
POSTPAID U.S.A. 

SOLD WITH MONEY BACK GUARANTEE 

THE RADIO SHOP, LAB 1 

48 ELM STREET, NEW CANAAN, CONN. 06840 
Tel. 203-966-3553 


IC’s 


MRTL MC 790 P *1.90 each 

10 for *18.00 

/rL 914 .55 each 

10 for *5.00 


100 KHz FREQ. STD. CRYSTAL HC 13/U *4.00 


PC SUBMINIATURE TRIM POTS made b 
250 11, 1 K. 10 K, 25 K, 100 K 


ERIE CERAMIC TRIMMER 3-12 pf, 5-25 pf 
PHENOLIC BASE 5/J1.00 


TRIPPLE H METER MODEL 227-T 0-25 ma DC 
NEW IN BOX *8.00 


1500 25v ELECTROLYTIC 2*/i" x 1" .50 


UTC TRANSFORMERS (BOXED) 

CG 140 *4.75 

H-72 *3.75 

HA 106 *9.00 

HA 137 *8.00 


WW RESISTORS 5 w .2 ohm 3 Q 6/J1.00 


PLEASE ADD POSTAGE 


LOGIC COMPONENTS 

BOX 224 

NEW CANAAN, CONN. 06840 


GOING TO LONDON 
THIS SUMMER? 

BE SURE TO VISIT 
1970 INTERNATIONAL 
RADIO ENGINEERING AND 
COMMUNICATIONS EXHIBITION 

One of the largest amateur gatherings 
in the world. 

AUGUST 19-22 

Royal Horticultural Society's New Hall 

Greycoat Street. Westminster. London SW1 
England 

SPONSORED BY 

RADIO SOCIETY OF GREAT BRITIAN 

35 Doughty Street, London WC1N 2AG 
England 
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144/432 LOW NOISE FET PREAMPS, converters. 
144-432 1296 calibrated noise generators & signal 
generators. UHF SSB converters. UHF Products Co., 
424 Anson, Rohnert Park, Calif. 94928. 


NEED CODE PRACTICE? Miami area. Can give 
instruction and practice — privately, or to groups 
at various code speeds up to 25 wpm on straight 
key, or to 35 wpm on bug — days or evenings. 
Phone 666-7380 Mon thru Fri. evenings only, 
Blake Brownrigg. Coconut Grove. 


SAROC, JANUARY 7-10, 1971, Flamingo Hotel 

Convention Center, Las Vegas. Nevada. Sponsored 
by Southern Nevada ARC. Inc., Box 73, Boulder 
City, Nevada. Advance registration $14.50 per 
person accepted until January 4, regular registra¬ 
tion at door, includes Flamingo Hotel Late Show 
and drinks, Sunday Breakfast, Cocktail Parties, 
technical seminars and meetings, ARRL, DX. FM. 
MARS, QCWA, WCARS 7255. WPSS 3952 and WSSBA 
Ladies Program. Flamingo Hotel SAROC room rate 
$12.00 plus room tax, per night, single or double 
occupancy January 3 thru 12, 1971. Mail accomo¬ 
dations request to Flamingo Hotel. Mail advance 
registration to SAROC. W7PRM, Club President. 
W7PBV, SAROC Convention Chairman. 


IT HAS BECOME NECESSARY to change the date 
of the Iowa 75 meter phone net picnic from August 
9th to August 16. The picnic will be held in 
Marshalltown, Iowa at the Riverview Park. Festiv¬ 
ities will begin around noon with the frequency 
of 3970 being monitored. 


CIRCUITS for 32 electronic projects, R.F., audio 
and gadgetry, complete plans $1.00. PM. Elec¬ 
tronics. Inc., Box 46204, Seattle. Wash. 98146. 
Dealer inquiries invited. 


BUILD YOUR LIBRARY! Be sure to see the many 
excellent RSGB and other publications advertised 
elsewhere in this issue of Ham Radio (check adver¬ 
tiser’s index for exact pages). RSGB publications 
are available only from us (in North America) and 
are the finest amateur reference material ever 
offered. Comtec, Box 592, Amherst, N. H. 03031. 


SIERRA HAMFEST will be held August 22. 1970 at 
Mormon Station Historic State Monument at Genoa. 
Nevada just off Hwy. 395 south of Carson City. For 
details contact K7ZAU. 


SWAN 350 with ACPS, VOX, 510X. $325.00. Swan 
250 with ACPS. 5el Beam. $225 00. Drake L 4. 
$375.00. No shipping. W2EOS. AC315 457-7751 


PRINTED CIRCUIT BOARD KITS. Very easy method 
includes 6" x 10" circuit board, one pint etchant, 
tape. etc. Full instructions. Many sold at Ham- 
test. $4.75 includes shipping. Electronic Circuits 
& Design Co., 33 E. Chestnut St.. Alliance. Ohio 
44601. 


TRADE 28KSR, 19, TYPING REPERFORATOR, TT/L 3. 
for 28ASR, 60 cycle supply or motor for mite 
David G. Flinn. 10 Graham Road West. Ithaca, N Y. 
14850. 


POLICE — FIRE — AIRCRAFT — MARINE Calls on 
your broadcast radio with TUNAVERTER S! Tun¬ 
able — Crystal! Brochure. Saleh Company. Woods- 
biro HMC, Texas 78393. 


MOTOR SPEED CONTROL. The Varispeed varies the 
speed of universal AC-DC and DC motors from zero 
RPM with no power loss. Rated at 7'/ 2 amps 
Thermal overload protection. One year guarantee 
$12.95 includes shipping. Electronic Circuits A 
Design Co.. 33 E. Chestnut St.. Alliance. Ohio 44601. 

TOUCHTONE DIAL equivalent from Denmark Ten 
button, convertible to all twelve with data included. 
State color: beige or black, limited number green 
12VDC required for oscillator operation $16.00 
postpaid USA. J. O’Brien, W6GDD. 6606 5th Street 
Rio Linda. CA 95673. 


TELL YOUR FRIENDS about Ham Radio Magazine. 


BOB SINGLETARY - K5EZG 

now has his own store 

BOB’S DISCOUNT ELECTRONICS 

720 North Hudson 
Oklahoma City, Oklahoma 73101 


J 


YOUR HEADQUARTERS 
FOR ALL MAJOR LINES OF 
AMATEUR EQUIPMENT 



ALL BAND TRAP ANTENNA ! 


« M [ Sn'oTl W. 

uatt Wo.Id W.do | 

Me*:, pit©** Slion(f) ' I 


'boM In. M<ld «hQt| 

I I W I TWH III* TWON.C 


fo< All T.anv 

Guaranteed lot 1000 

Watt* Pb»,i lifM, Neal. 
Weatt»rr|NiM>t 

"WK, and tlatt radto 


•I *19 9V « vale- Iianc 

pt.o. I *11.91 Send only *100 • .»r 

‘ pn*1eic* on «>n,d ot «e«rt lull pt. 

pi ■ -If a*e»ne». Nefct 


NEED CRYSTALS? 

h 



48 Hr. 

DELIVERY 


We can supply 
from 2KHz to 80 


crystals 
MHz in 


» many 

types of 

holders. 

SPECIALS 

Color TV crystal (2579. 545 KHj) wire lead* 

$1 60 

4 for $5.00 

100 KMx freq. sld cnrsul (HC13/U) 

4 50 


1000 KHi freq std. crystal (HC6/U) 

350 


Any CB crystal TR. or REC 
except synthesizer crystals 

2.25 


Any amateur band crystal (except 80 & 160 
meters) in FT-243 holders 

1.50 

or 4 for $5 00 

Any marine frequency (HC6/U) 

2 85 


B0 meter — FT-243 holders 

2 50 



We have in stock over six million crystal* which include 
types CR1A/AR. FT243 FT241 MC7 FT249, HCfc/U, 

HC13/U, HC25/U. HC18/U. etc. Send 10c for our 
1970 catalog with oscillator circuit*, listing thousand* 
of frequencies in stock for immediate delivery (Add 10c 
per crystal to above prices for shipment 1st class mail, 
15c each for air mail) 

Special Quantity Prices to 
Jobbers and Dealers. 

ORDER DIRECT 
with check or money order 
to 

2400H Crystal Drive 
Fort Myers, Florida 33901 
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TAPE DECK 



This unit cost $69 to produce! 
We now offer a limited quantity 
of these new original packed 
tested units for only $29.95 plus 
shipping and handling. 

On cash with order, shipment is made 
the same day of receipt of order for only 
$4.55 shipped P.P. Ins. anywhere in the 
USA. COD orders accepted, same prices 
plus COD fee. 

LOOK AT THESE UNPARALLELED 
FEATURES NOT FOUND ON ANY 
OTHER DECK OF U.S. MANUFAC¬ 
TURE AT MUCH HIGHER PRICES. 
STOP-START: Full speed attained in less 
than 0.5 sec. 

DRIVE CONTROL: Single rotary control for 
all functions. Interlock prevents tape 
breakage, stretching and spilling when 
changing mode of operation. 

MOTOR: 4 pole shaded, 50/60 Hz. 

BRAKES: Mechanical braking eliminates need 
for adjustments. 

TAPE SPEEDS: 3% and 754 ips. 

WOW AND FLUTTER: Less than; .25% at 
7.5 ips; .3% at 3.75 ips. 

POWER: 26 WATTS', 120V 60 Hz. 
DIMENSIONS AND WEIGHT: 10 5/16" x 
1454" x 554" Below panel, 154" above 
panel. 14 pounds. 

REEL AND TAPE SIZE: 7" max. reel. 54" 
tape. 

HEADS: Record/playback staggered two 
track sterio, dual erase. (54 track stereo 
erase, and R/P head available, $9.95 for 
complete kit). 

COUNTER: Resettable 4 digit index counter. 
R/P FREQUENCY RESPONSE: 40 to 15,000 
cps ± 3 dB. 

TAPE DECK ONLY 
Electronics listed separately 


NEW EMPTY 7" 3M-SCOTCH REELS 
Individually boxed 35c each 
Bulk packed 28( plus shipping 

WARREN Electronic Systems 

BOX 73. CHICKASHA OK'73018 


Burglar Alarm Foil Tape 300 Ft. $3.00 

Magnetic Contacts 2.00 

Alarm Lock Key Switch 3.50 

Alarm Control Instrument 18.00 

Burglar Alarm Siren 110 VAC 35.00 

Burglar Alarm Siren 6 VDC or 12 VDC 23.00 
Weatherproof Cabinet for Siren 

Tamperproof 10.00 

Weatherproof 10 inch Bell Tamperproof 25.00 
Door Cords, Foil Takeoffs, Extra Keys 1.00 
Solid State Ultra Sonic Detectors 110.00 

COMPLETE SUPPLIES sorry no catalogue. 
Minimum order $5.00 plus shipping. 

SECURITY SENTRY Ltd. 

14 EAST JACKSON BLVD. 
CHICAGO, ILLINOIS 60604 
TELEPHONE (area 312) 922-5148 


_ ‘4 4 % 

COMPLETE SELF-CONTAINED 

Autostart — Heavy duty loop supply — Electronic keyer 
stage — Single bar tuning eye — 2 Inch scope indicator 
with separate power supply — 2 Sets of filters for 850 & 
170 cycle shift — Motor control stage — Includes both 
FM (Limiter) & AM (Limiterless) with 3 section low-pass 
filter for optimum reception of 60 75 100 WPM — 8% * 
19 gray hammertone silk-screened front panel suitable for 
rack-mounting 

WIRED and tested by the expert: W1SOG. John Roach# 
l Windham Road 

Canterbury Ct. 06331 


WORLD QSL BUREAU 

PLAN 1. WE FORWARO YOUR QSL* (PLEASE ARRANGE ALPHABET 
ICALLY) TO ANY PLACE IN WORLD. INCLUDING ALL FOREIGN 
COUNTRIES. ANO TO OR WITHIN USA CANAOA. AND MEXICO. FOR 
4 1 EACH 

PLAN 2. YOU USE OUR SPECIAL LOG FORM ANO SEND US A COPY 
WT SUPPLY QSL — MAKE OUT QSL - DELIVER Q5l. ALL FOR 
l< EACH 

5200 Panama Ave., Richmond, CA USA 94804 


35 ANTENNA HARDWARE 

COMPLETE LINE 
ALL SIZES 


SPIDERS • T-MOUNTS 
UNIVERSAL MOUNTS 
FIBERGLASS ARMS 
YAGI 8c BEAM CLAMPS 
DELTA LOOP SUPPORTS 
BALUNS • GAMMA MATCHES 





WRITE FOR INFORMATION 


KIRK ELECTRONICS DIVISION 

ELECTROTEC CORP. 

ITS WESTPARK ROAD • OAVTON • OHIO 45449 
PHONE 9I3/4J1 J10J 
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CINCY STAG HAMFEST: The 33rd Annual Stag 
Hamfest will be held September 27. 1970 at 

Strieker's Grove. Compton Road. Mt. Healthy, 
Cincinnati, Ohio. Door prizes each hour, raffle, 
lot* of food, flea market, model aircraft flying, 
and contests. Identify Mr. Hamfest and win 
prize. $5.00 cost covers everything. For further 
info, contact, John Bruning, W 8 DSR, 6307 Fair- 
hurst Avenue, Cincinnati, Ohio 45213. 


WORLD QSL BUREAU — see ad page 91. 


THE WINNIPEG DX CLUB announces a new award: 
The award is a personalized presentation case 
containing a genuine new Canadian Silver Dollar 
issued in honour of Manitoba’s Centennial. All 
contacts must be made after January 1, 1970. 31 
contacts are required, 5 each from Africa. Asia, 
Europe. North America, South America, Oceania 
and 1 contact from any Antartic Station I.A.R U 
continental boundaries apply. The 5 North Ameri¬ 
can contacts must be with members of The 
Winnipeg DX Club. Contacts can be made on any 
band or mode but a station can only be counted 
once. QSL cards must be in the applicants 

f iossession, but need not be submitted if a verified 
ist is sent. Amateurs worldwide are eligible. 
Canadian. American and Mexican applicants must 
be a member of DXCC, and must submit the 
number and date of their certificate. The cost 
of the award is 15 International Reply Coupons. 
If I.R.C.'s are not available in a particular country 
the applicant may send mint stamps of that 
country to an equivalent value. Members of The 
Winnepeg DX Club are VE4's — AA. AE. AS. BJ. 
CJ. IM. MP. TJ. RP, SA. SD, SK. XJ. ZX. Award 
Custodian is VE4AE, 22 Sweetwood Bay, Winnepeg 
17. Manitoba, Canada. 


1970 INTERNATIONAL FIELD DAY. The Burlington 
Amateur Radio Club, lnc.,Jnvites you to the 1970 
INTERNATIONAL FIELD DAY to be held at 
THE OLD LANTERN. CHARLOTTE, VERMONT, on 
Sunday AUGUST 16. Come one day early on 
Saturday and join the crowd with trailer, camper, 
or tent. Featured will be the popular flea market, 
net meetings, antenna raising contest, junk box 
amplifier contest, hidden transmitter hunt on 
2FM, mobile and portable RF output contest, bingo 
for the ladies, door prizes and raffle drawing. Talk 
in frequencies include 3909, W1KOO and W1ABI 
repeaters. Food, refreshments, and camping sup¬ 
plies available all day. Registration $3.00 at the 
gate or send $2.50 for early bird to Bill Fake, 
W1FS, 30 Southill Dr., Essex Junction, Vt. For 
further information write or call Bob Hall. W1DQO. 
General Greene Rd.. Shelburne. Vt. 05482, phone 
802-985-2235. 


COMMERCIAL LICENSE EXAMS: Second $18.00; 
First $24.00; Sample questions; Price list $1 
refundable. Edco Enterprises. P. O Box 432. 
Sparks, Nevada 89431. 


DONT BUY QSL CARDS from anyone until you 
see my free samples. Fast service. Economical 
prices. Little Print Shop. Box 9848. Austin, Texas 
78757. 


WANTED MAY 1945 CQ. Will trade November 1945. 
George Goldstone. W 8 AP. Northland Towers East. 
Southfield. Michigan 48075. 


TELEGRAPH KEYS WANTED: Wire, wireless. Spark 
or CW. Related books. Ted Dames. W2KUW. 308 
Hickory St.. Arlington. N. J. 07032. 


NEW THIS MONTH, 3rd edition. Amateur Radio 
Techniques by J. Pat Hawker. G3VA. Latest edi¬ 
tion of this popular book has 48 more pages and 
much valuable new material. New deluxe binding. 
Only $3.50 Order today from Comtec, Box 592, 
Amherst. N H. 03031. 


"CHOICE OF THE DX KINGS” 



2 ELEMENT-3 BAND KIT SPECIAL 

CONTENTS 

• 8 Fiberglass Arms-skyblue color 
o 2 End Spiders (1 pc. castings) 

• 1 Boom/Mast Coupler —h.d. 

aluminum 

• 16 Wraplock Spreader Arm Clamps Add j 5 50 for PPD 

• 1 CUBEX QUAD Instruction Manual Frt. Cont. U.S. 

2-3-4 or more element Quads available 
Write for FREE BROCHURE'M'a Price List 

CUBEX COMPANY 

P.O. Box 131. Altadena, California 91001 
Phona: (213) 798-8106 

YOU CAN'T SAY "QUAD" BETTER THAN "CUBEX" 


ONLY 


$69 


.95 



Radio Amateurs 
Reference Library 
of Maps and Atlas 


WORLD PREFIX MAP - Full color. 40' x 28". shim 
prefixes on each country . . . DX zones, time zones, 
cities, cross referenced tables postpaid $1.00 


RADIO AMATEURS GREAT CIRCLE CHART OF THE 
WORLD - from the center of the United States! Full 
color, 30“ x 25". listing Great Circle bearings in de¬ 
grees for six maior US. cities; Boston. Washington. 
D.C.. Miami. Seattle. San Francisco & Los Angeles. 

postpaid SI.00 

RADIO AMATEURS MAP OF NORTH AMERICA! Full 
color. 30" x 25“ — includes Central America and the 
Caribbean to the equator, showing call areas, zone 
boundaries, prefixes and time zones. FCC frequency 
chart, plus informative information on each of the 50 
United States and other Countries postpaid $1.00 

WORLD ATLAS - Only atlas compiled for radio ama 
teurs. Packed with world wide information — includes 
11 maps, in 4 colors with zone boundaries and coun 
try prefixes on each map. Also includes a polar pro¬ 
jection map of the world plus a map of the Antarctica 
— a complete set of maps of the world 20 pages, 
size 8 J /«~ x 12“ postpaid $2.00 

Complete reference library of maps — set of 4 as listed 
above postpaid $3.00 

See your favorite dealer or order direct. 


whtcfok 

FM 

8B0CHUM! 


RADIO AMATEUR 

ca 


da 


llbook 


INC 

Dept E. 925 Sherwood Drive 
Lake Bluff. Ill 60044 


TOROIDS 44 and 88 mhy. Unpotted. 5 for $1.50 
ppd W. Weinschenker, Box 353, Irwin. Pa. 15642. 
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EYE-BANK NETWORK 

In just over 7 years the Eye-Bank Network 
has arranged for shipment of some 4100 
eyes between the Eye-Bank members in the 
U.S.A. The efficiency of corneal transplants 
is about 95%, so several thousand people 
who had lost their sight through disease or 
accident can now see again, and some who 
were born blind can see for the first time. 

The Network meets on 3970, morning and 
evening, every day, to give the Eye-Banks 
the fastest possible service in locating eyes 
when needed in a hurry. 

Well over 100,000 people should have this 
surgery, but enough eyes just are not avail¬ 
able. Millions of pledges are needed if we 
are to catch up on this backlog, as it will 
be many years before most of the pledges 
•‘mature”. 

You can get information about pledging 
vour eyes from doctors, hospitals and mem¬ 
bers of Lions Clubs. Urge every member of 
your family to sign up. Who knows — your 
efforts to get others to pledge might mean 
eyesight for you some day. 

— KIRA 


^ oV- 


c,' 

9* G* 




You can be sure with Barry . . . 

Fair dealing since 1938 

Send lists of your unused TUBES, 
Receivers, Semi-Conductors, 

Vac. Variables, Test Equipment, etc. 

No Quantity too Small. 

No Quantity too Large. 

Write or Call now . . . BARRY. W2LNI 

BARRY ELECTRONICS 

512 BROADWAY • NEW YORK. N. Y. 10012 
212 - WA 5-7000 


FREQUENCY STANDARDS 

If YOU NOW OWN A CONVINIlONAI IOOIH2 X I A l 
C A I i • ■ A T O ■ I? IS IN ADI OUA II OUT OF OATI. Wl 
MANUFACTURE IfVIIAI FREQUENCY MARKERS TO 
m I P TOUR R C V R - T R A N $ C I I V ( R IKACTfT ON FRIO 
MODII IOO-1 OUTPUTS OF 10 0. 5 0. Ji. 10 AND 1KNI 
III F F 90 OAT GUARANTEE MODII I00-1F iEMI 
At AROVI RUT WITH tVOC RIOUIATIO 1UFFIT 17 1 SO 
F P FURTHER INFO AVAII ARII WRIT! 

BAKER EX W3ZNI & WINNAY K3KRF 



call letters 


I Rush Order To: RADIO AMATEUR CAUBOOK, Inc. 

I Dept. E. 925 Sherwood Drive, Lake Bluff, III. 60044 

i-1 


All illuttrotions 
or# octuol >ix« 


□ Gold 

□ Rhodium 


$5.00 Ea. 


eucnomc hst the professional keyer 


Every iMtur# you need for Mty, Accurate CW 

■ IAMBIC FOR SQUEEZE KEYS 

■ VARIABLE WEIGHTING FOR DX wt 

■ DOT MEMORY FOR EVERYONE 

■ COLORS TO MATCH YOUR RIG 


KITORWIREO PRICES START AT $6AK 

WRITE FOR SPECIFICATIONS 

Boa 4090 Mountain View. CeliFoanie - 94040 


mm 


CAPACITORS 

ALL UNITS NEW WITH 
FULL LEADS. NO JUNK. 
AXIAL LEADS 


1000 MFD @ 12 V 
5 MFD @ 15 V 
30 MFD @ 15 V 
100 MFD @ 15 V 
1000 MFD @ 50 V 
3 MFD ® 6 V 
10 MFD IS 6 V 
1 MFD IS 25 V 
80 MFD IS 2.5 V 


3 for $1 
5 for $1 
5 for $1 
5 for $1 
2 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 


00 ppd 
00 ppd 
00 ppd 
00 ppd 
00 ppd 
00 ppd 
00 ppd 
00 ppd 
00 ppd 


DISC CERAMIC. NEW. FULL LEADS 
.02 (S 1.4 KV 20 for $1.00 ppd. 

.001 @ 2 KV 20 for $1.00 ppd. 


MINIMUM ORDER $3.00 PLEASE 
Pa. Residents add 6% State sales tax 
ALL ITEMS PPD. USA 


M. WEINSCHENKER K3DPJ 

BOX 353 . IRWIN, PA. 15642 


lib 


k 


radio amateur 


□ Rhodium 


call letters 
S5.00 Ea. 
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FOR SALE — HY GAIN TH4 $50.00. Henry Ingwer 
sen, Topsfield, MA 01983. 


GREENE DIPOLE CENTER INSULATOR see ad 

page 93, May, 1970 Ham Radio. 


PLYMOUTH (ENGLAND) RADIO CLUB announces 
an Official Mayflower Certificate to be awarded 
during the period of the Mayflower Celebrations, 
from March, 1970 to November, 1971. Qualifications 
are: One QSO with GB2USA, or any THREE mem¬ 
bers of Plymouth Radio Club, or any THREE Ply¬ 
mouth CITY Stations; SWL’s — Reports of similar 
nature to above. Cost of Certificate will be 2 
IRC's (2/- in stamps for UK Stations). No QSL's 
are necessary to verify QSO's. just log extracts 
which will be checked at PRC. Send qualifications 
to A. Baker. G3KFN, 74 Travistock Road. Stoke. 
Plymouth. Devon., England. 


HRO-60 $150.00; HQ-129-X. $40.00; SX-110 $75.00; 
NC-190 $110.00; VHF 152-A $25.00; DB-22-A $25.00; 
Johnson Thunderbolt kilowatt Linear $250.00; 
Collins 32V-3 $175.00: BC-221-T, Book. Power. 

$50.00; Heathkit GR 81 $15.00; Morrow CM-1 

Conelrad $10.00; Pentron 9T-3C tape recorder 
$25.00; Ameco CB-6 converter $10.00: Ameco PS-1 
power $8.50; Old issues CQ. QST. RADIO. W R A . 
IRE. IEEE, others. Wanted: SB-200 or 30L 1 Linear 
Above units good working condition, manuals or 
diagrams furnished, all FOB Indianapolis. Detailed 
listing, descriptions on request. Telephone, eve¬ 
nings only, five to nine EDST. (317) 291-4444. 
W9DPL Howard Severeid, 3602 West 71st Street, 
Indianapolis. Indiana 46268. 


PRINTED CIRCUIT BOARD DESIGN & MANUFAC¬ 
TURING. Complete plant facilities for design, fabri¬ 
cation, and electronic assemblies. Bright Tin. 
Nickel and Gold electroplating. All inquiries wel¬ 
come. Electronic Circuits & Design Co.. 33 E. 
Chestnut St., Alliance. Ohio 44601. 


DRAKE R4B-MS4 $310.00, SC2 Converter — cali¬ 
brator — PS. — Consol $8500 W4 Wattmeter 
$40.00, CZ454 and HAM M $300.00. Cushcraft 

A50-10 $30.00. Bug $10.00. WAOAUB. 8600 Crystal. 
K C . Mo 64138. 816-356-2458. 


FOR SALE: Heath SB200 linear 1200 watts PEP. 
$200. Hallicrafters. HT-46 SSB XMTR 180 watts 
input, crystal filter. $200. Heath 610 Monitor 
Scope. $85 Package deal $440 All mint condi¬ 
tion. hardly used. John Reykjalin, 15 Evergreen 
Avenue, Auburndale (Newton) Mass. 617-527-4526. 


WANTED: CUSTOMERS: No experience necessary: 
Write or call "HOSS TRADER ED MOORY" for the 
best deal on new or used equipment: USED EQUIP 
MENT BARGAINS: Guaranteed: 75A 4. $319.00: 

KWM-2. $649.00: 30L-1. $349.00; R4. $255.00; 2B. 
$159.00; Galaxy 5. $219.00; HT-37. $169.00: NC-303. 
$169.00: NCX-5 (AS IS). $249.00; Swan 500C. 
$349.00: 270 Cygnet. $359.00: Ham-M. $79.00: SB 
34. $245.00. CONTACT us for Special Deals on 
New Beam and Rotor Packages WE HAVE the 
Best Deals on New equipment in factory sealed 
cartons with full factory warranty TWO LOCATIONS: 
MOORY ELECTRONICS. Phone (501) 946-2820. PO 
Box 506. DeWitt, Arkansas 72042: MOORY ELEC¬ 
TRONICS, Bill Davaul (W5FQX), 415 W. 33rd. N. 
Little Rock. Arkansas. 


KNIGHT TR-108 — $75, matching Knight V-107. 
VFO. $15. Both for $85 Tom Doyle. WA9FTH. 
4506 Keating Terrace, Madison. Wisconsin 53711. 


FOR SALE GOTHAM 3 element tri-band beam. new. 
never used. $45. You pick up or will ship collect. 
Steve Perry WB2ESN. R. R. Box 21, Rocky Point. 
L.I., N Y. 11778. 


YOUR AD belongs here too. Commercial ads 25* 
per word. Noncommercial ads 10* per word. 
Commercial advertisers write for special discounts 
for standing ads not changed each month. 



FREE Catalog 

SURPLUS ELECTRONIC BARGAINS 


Now BIGGER and 
BETTER Than Evrl 

-MAIL THIS COUPON NOW-, 


| ADDRESS 
I CITY: _ 


STATE: . 


ZIP: 


I 


For your FREE copy, fill out coupon and mail. D»pt. HR 


FAIR RADIO SALES 

P.O. Box IIOS • LIMA, OHIO - 45802 


see the Amnn 
for FM Mobile 


Used Motorola Model T43GGV 6/12 Mobile 
w/acc $115.00 


Many others ... Write for Free Catalog 

Mann communications 


RO. Box 138, 18669 Ventura Blvd., 
Tarzana, Calif. 91356 


we pay HIGHEST 

PRICES FOR ELECTRON 
TUBES AND SEMICONDUCTORS 

H & L ASSOCIATES 

ELIZABETHPORT INDUSTRIAL PARK 
ELIZABETH, NEW JERSEY 07206 
(201) 351-4200 


ROTARY QSL FILE MODEL CB-8-H 

Displays and protects QSL's 
in clear plastic pockets (3Va 
x 5 V 2 ) included for 160 
cards, holds up to 500 cards. 
Refills available. Rotates on 
base and a turn of knob 
brin 9 s new cards Into *lew. 
Cards held securely without 
glue or mounting. 

PRICE: $8.00 ppd. U.S.A. 
Illinois residents add 5% 
Sales Tax 

M-B PRODUCTS & SALES 
1917 N. Lowell Ave., Chicago, III. 60639 
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$2538 ACQ. • Cost Frequency Meter for $75! 

AN/URM-79 (FR-4/U in Transit Case): 100 khz to 20 
mhz, 7 bands, each 50,000 dial div. .001% accur., .0001% 
stabil. Measures & Emits. Built-in AC sply & scope for 
zero-beating. Serial-matched calib. book includes instruct. 
Exc. cond., money-back grty OK. Shpg. wt. ic nn 
146 lbs._. /D.UU 

$2000 MASTER 0SC1L., XMTR OR RCVR TMC VOX-2 
(0-330/FR) 2-64 MHz VFO, read out to 7 places. Re- 
settability & stability better than 20 ppm. Xtal in 
double-controlled oven, calib. each 50 kHz plus 6 xtal-con- 
trolled freer PO to 75 ohms 2W 2-4 MHz (fund.), 0.5W 
4-64 MHz. Replaces xtal osc in xmtr or use as 170 Eft 

local osc in revr. Exc. cond. w/all tech data I/5J.JU 


Hi-Sensitivity Wide-Band AM / FM RCVR 

38-1000 MHZ: AN/ALR-5 consists of brand-new Tuner/ 

Converter CV-253/ALR in original factory pack and an 
exc., used, checked OK & grtd. main revr R-444 modified 
for 120 v, 50/60 hz. Packed with each tuner is the 
factory checkout sheet. The one we opened showed 
SENSITIVITY: 1.1 uv at 38.3 mhz, 0.9 at 133 mhz, 5 at 

538 mhz, 4Vz at 778 mhz, 7 at 1 ghz. 07c nn 

With book & pwr-input plug, all for Z/j.UU 

R-390/URR Revr: Collins xtl-zero-beating, 

drift less receiver, grtd 100% perfect. /oj.UU 

R-390A/URR has mech. filters, grtd perfect. 995.00 

Regul. Pwr Sply for Command. LM, Etc. 

PP-106/U: Metered. Knob-adjustable 90-270 v up to 80 
ma dc; also select an AC of 6.3 v 5A, or 12.6 v 2*/2 A 
or 28 v 2Vz A With mating output plug & in cn 

all tech. data. Shpg. wt. 50 lbs. Iu.jU 

BARGAINS WHICH THE ABOVE WILL POWER: 

LM-O Freq Meter .125-20 MHz, .01%, CW or AM, 
with serial-matched calib. book, tech, data, mating plug. 
Shipping wt. 16 lbs. 57.50 

Same, less calib. book. 27.50 

A R C. R11A: Modem Q-5'er revr 190-550 khz 12.95 
A R.C. R22: 540-1600 khz revr w/tuning graph 17.95 
A R C R32: 108-132 mhz revr_ 32.50 

Versatile Plate & Filam. Transformer 

Depot Spares for SP-600-JX: Pri. 95/105/117/130/ 
190/210/234/260 v 50/60 hz. Sec. 1: 305-0-305 v. 

150 ma. Sec. 2: 5 v 3 A. Sec. 3: 6.3 v 5A Sec. 4 
7Vz v, 3/4 A. Sec. 5* IVt v, 1V« A Legend for pins 
is plainly marked. Herm. sealed. Add 
postage for 13 lbs. .. 

If you don’t see it here, ask for it! 

But don't ask for a general catalog we believe that 

is nonsense in surplus . . . we get new things In almost 
every day! WE ALSO BUY! So tell us what you have, 
condition, and your asking price! 


R. E. GOODHEART CO. INC. 

Box 1220-HR, Beverly Hills, Calif. 902X3 
Phone: Area Code 213, Office 272-5707 


3.95 



PERSONALIZED CUP AND STEIN. GOLD LEAF 
HANDLE AND PERMANENT BLACK LETTERS 
MACHINE WASHABLE ATTRACTIVE AND USE 
FUL GIFT FOR ANY HAM. SPECIFY RIGHT OR 
LEFT HANDED. CALL AND NAME. CUP $2.50. 
STEIN $4.75. PP. US AND POSSESSIONS 
ONLY. CHECK OR M.O. CALIF. ADD 5% SALES 
TAX. SPECIAL CLUB OR COMMERCIAL IN 
QUIRIES SOLICITED. 

DE PIAZZA ENTERPRISES 
P. O. Box 1127 Costa Mesa, CA 92626 


<^DIODES f-'X 

STUD- 


PIV 

TOP-HAT 
1.5 AMP 

EPOXY 
1.5 AMP 

EPOXY 

3 AMP 

MOUNT 
6 AMP 

50 

.04 

.06 

~12 

;is 

100 

.06 

.08 

.16 

.20 

200 

.08 

.10 

.20 

.25 

400 

.12 

.14 

.28 

.50 

600 

.14 

.16 

.32 

.58 

800 

.17 

.20 

.40 

.65 

1000 

.20 

.24 

.48 

.75 


PRICES PPD. U. S. A. 

PA. RESIDENTS ADD 6% PA. SALES TAX 

M. WEINSCHENKER K3DPJ 


PO BOX 353, IRWIN, PA. 15642 



Reads output and reflected power simulta¬ 
neously. May be left In line up to 2000 watts. 
Low insertion loss. Size 5x2x2. Good to 

175 Mhz PRICE $15.95, FOB HOUSTON. 

MADISON ELECTRONICS SUPPLY 
isos McKinney — Houston. Texas 77002 
(713) 224-2668 


Come to Beautiful Vermont 
for 

1970 

INTERNATIONAL 
FIELD DAY 

• Flea Market 

• Net Meetings 

• Antenna Raising Contest 

• Junk Box Amplifier Contest 

• Hidden Transmitter Hunt 
. Portable R.F. Output Contest 

• Bingo for the Ladies 
. . . AND MUCH MORE 

SUNDAY, AUGUST 16 

(Come on Saturday with your trailer, 
camper or tent) 

THE OLD LANTERN 
Charlotte, Vermont 

Registration $3.00 at the gate or 
send $2.50 for early bird to: 

BILL FAKE, W1FS 
30 Southill Dr., Essex Junction, Vt. 
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S HAM RADIO £ 
• Greenville, N. H. 03048* 


Feature This 



Signal/One's 

CX7 gives you 

More performance than any 

transmitter/receiver com¬ 
bination 

More convenience than any 

transceiver 

More versatility 

Compare the CX7 with any receiver 
for sensitivity, selectivity 
options, dynamic range, 
AGC merit, VFO smooth¬ 
ness, interference rejec¬ 
tion. 

Compare the CX7 with any trans¬ 
mitter for continuous 
power output in all 
modes, P.A. ruggedness, 
crisp audio punch, low 

distortion, instant CW 
break-in and spotting, 
quick band-change. 

Compare the CX7 with any trans¬ 
ceiver for total size and 
weight. 

Consider the best at an amateur 
retail price of $2195. 

Write for all the details of the 

magnificent CX7 from 
Signal/One. 


"/f Speaks for Itself' 

s/gnaZ/nne 

A Division of ECI (An NCR Subsidiary) 
2200 Anvil Street No 
St. Petersburg, Fla. 33710 



J 
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Adversers \/ 

check-off 


Advertisers jNdeX 


. . . for literature, in a hurry — 
we'll rush your name to the companies 
whose names you “check-off” 


INDEX 


—Aerotron 

-Kirk 

—Baker & Winnay 

—L. A. Amateur Radio 

—Barry 

—Logic Components 

—Blulyne 

—MB 

—Comtec 

—Madison 

—Crabtree 

—Mann 

—Cubex 

—Micro-Z 

—Curtis 

—National 

—Dames 

—Callbook 

—Drake 

—Radio Shop 

—DePiazza 

—RSGB 

—Dy-Com 

—Eimac 

—Sams 

—Security Sentry 

—Fair 

—Sentry 

—Goodheart 

—Spectronics 
—Structural Glass 

—Gordon 

—Swan 

—Greene 

-H «. L 

—Ten-Tec 
-Tri-Ex 

— HAL 

—Ham Radio 

—United Technical 

—Hammarlund 

—Vanguard 

—Henry 


-Warren 

—International . 

-J-J 

—Weinschenker 

—Western 

—Jan 

-World QSL 


August 1970 

Please use before October 31, 1970 


Tear off and mail to 

HAM RADIO MAGAZINE — “check-off” 
Greenville, N. H. 03048 
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STATE . ZIP. 


Aerotron, Inc. 81 

Baker & Winnay . 90 

Barry Electronics . 90 

Blulyne Electronics Corp. 82 
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Crabtree Electronics . 84 

Cubex Co. . 89 

Curtis Electro Devices . 90 

Dames Co., Ted . 80 

Drake Co., R. L. 2 

De Piazza Enterprises . 92 

Dynamic Communications . 78 

Eimac Division of Varian . 5 

Fair Radio Sales . 91 

Goodheart Co., Inc., R. E. 92 

Gordon Co., Herbert W. 96 

Greene, 0. Watson . 87 
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HAL Devices . 79 

Ham Radio Magazine .. 93 

Hammarlund Manufacturing Co. Cover II 

Henry Radio . 54 

International Crystal Manufacturing Co. 62 

International Field Day . 92 

J-J Electronics . 88 

Jan Crystals . 87 

Kirk Electronics Div. 88 

L.A. Amateur Radio Sales . 82 

Logic Components . 86 

M B Products & Sales . 91 

Madison Electronics Supply . 92 

Mann Communications . 91 

Micro-Z Co. 84 

National Radio Co., Inc. 95 

Radio Amateur Radio Callbook, Inc. ... 85, 89, 90 

Radio Shop, Lab 1 . 86 

Radio Society of Great Britain . 86 

Sams, Co., Inc., Howard W. 61 

Security Sentry Ltd. 88 

Sentry Manufacturing Co. 1 

Spectronics . Cover III 

Structural Glass Ltd. 85 

Swan Electronics . 48, 49, Cover IV 

* 

Ten-Tec, Inc. 73 

Tri-Ex Tower Corp. 69 

United Technical Institute . 41 

Vanguard Labs . 78 

Warren Electronic Systems . 88 

Weinschenker, M.90, 92 

Western Electronics . 92 
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NRCI’s 


NCX-1000 


O O • BB O E£3 

A nox iooo A _ 

6 • O ’ O 

©*000*0 


the 

Transceiver 
of the 70’s 


1 KW Solid-State 
Transceiver 

+59+59+59+59+59+59+59+59+59+59 


59+59+59+59+59+59+59+59+59+<" 



1 s '9t* 59+ V59t 
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LABORATORY OOALIIY-POPOLAR PRICE 
-AUDIO SIGNAL GENERATOR 



MINI-AF 
GENERATOR 


Range 10-100 kHz 


Measuring only I'/i" x 3%" x 3%", and weighing slightly under 
2 pounds, the Sansei 6803 Mini-Generator is a completely solid- 
state sine and squarewave instrument of unusually high quality. 
Especially suitable for field engineers, broadcast stations, and 
government agencies, this little beauty is winning favor among our 
ham fraternity as well. 

Of Wein bridge design, using an FET oscillator with both a 
thermistor and copious amounts of inverse feedback, the output is 
maintained at minimum distortion and constant level (less than 
0.3% for the range 200 Hz—100 kHz with less than 0.8% between 
10 and 200 Hz). A stabilized power supply (100—120 VAC 50/60 
Hz input) is held to 0.1% against incoming fluctuations. 

Squarewave risetime is only 0.2 ns — the output impedance is 
600S7 ± 100s2 unbalanced. This beautifully built miniature instru¬ 
ment can be of incalculable value to audio buffs, technicians, and 
even those of us on sideband who want proper measurements. 
Shipped postpaid in U.S. and Canada: only $75.00. 
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Yaesu divulges the secret 
behind the incredible low price 
of the FTdx 560.' 

Made in Japan. 


Japan is one of the few countries in the 
world with an ample supply of low-cost 
skilled workers who can do intricate, 
painstaking, precision work. 

Like hand-wiring a transceiver. Metic¬ 
ulously. 

To produce the Yaesu in the U.S., with¬ 
out cutting any corners or lowering quality 
standards, we would have to sell it for at 
least $800. And even at that price, the 
FTdx 560 would still be a good buy. 
Because Yaesu is quite likely the finest 
transceiver made anywhere in the world— 
at any price. 


But since the Yaesu is made in Japan, 
we can sell it for $450. That includes 
everything but speaker, mike and antenna. 
So in the price, you get a year's warranty, 
power supply, WWV, calibrators, VOX and 
560 watts PEP SSB or 500 watts CW. 

We have an information packet we want 
to send you. It gives you the Yaesu story 
in general and the FTdx 560 story in par¬ 
ticular. It includes an eye-opening com¬ 
parison chart that shows you how the FTdx 
560 stacks up against rigs you’re more 
familiar with. 


Please send me your free Yaesu FTdx 560 information packet: 


Name . 
Street. 

City_ 

State _ 


Zip Code. 

Call_ 
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SPECTRONICS WEST 


Box 33B, Lakewood, Calif. 90714 / Telephone: (213) 421-6167 


SPECTRONICS EAST 


Box 1457, Stow, Ohio 44224 / Telephone: (216) 923-4567 






*ation performance 


with a mobile rig? 


NOTHING COMES CLOSER THAN THE SWAN 500CX 

The performance of the Swan 500CX in your The 500CX installs conveniently under the 

car may not quite equal your home station, but dash of most cars, and the power supply goes 

you will be amazed at how often the difference under the hood. Add the Swan Model 35 high 
is very small. Many Swan mobile operators Q single band mobile antenna, or your choice 

have established enviable DX records. QSL of either the Swan Model 45 or 55 band switch- 

cards on file here at the factory verify solid ing mobile antenna, and you can enjoy mobile 

contacts from all continents, including stations operation to the fullest. Home station perform- 

in Antarctica. ance with a mobile rig? Nothing comes closer 

Old timers who have fought QRM with old than a Swan transceiver, 
style AM equipment have discovered a new ACCESSORIES 
world of mobile communication thanks to the 

power and punch of the Swan 500CX trans- Model 500CX $565 

ceiver. The efficiency of the SSB mode coupled Mode | 14 . 117 DC Supp | y j 130 

with the convenience of transceiver opera- 

tion and a power level unmatched in the Mobile Mounting Kit.$12 

field represent a combination well worth look- Model 35 Single Band Antenna, from . $20.90 

ing into. So if you haven't heard ZL, , ... c c,., 

DU or JA say - "stand by, the mobile Model 45 5 Band Manual Switching 

station,” then put a Swan 500 CX in Antenna .* 79 ' 50 

your car this summer! Model 55 5 Band Antenna 

_ (Remote control band selection)_$129.50 


See your Swan dealer today. 




ELECTRON ICS 
305 Airport Road 
Oceanside, California 92054 
A Subsidiary of Cubic Corporation 





























